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advertisement.

T he Committee appointed by die ^oyiil S(fciefy to dire£l: tbe pub-

lication of the I^^hiiofopMcal "TtirnfaElions, take this opportunity to

acquaint the Public, that it fully appears, as well from the council-books

and journals of the Society, as from repeated declarations, Which have

been made in feveral former Tranfadionsj that the printing of them was

always, from time to time, the litigle aft of the refpeftive Secretaries, till

the Forty-feventh Volume. And this information was thought the liiorc

necelTary, not only as it had been the common opinion, that they were

publilhed by the authority, and under the direftion, of the Society it-

felf
; but alfo, becaufe feveral authors, both at home and abroad, have

in their writings called them the 'TranfafUons of the Royal Society,

Whereas in truth the Society, as a body, never did interen: themfelves

any further in their publication, than by occafionally recomihending the

revival of them to fome of their Secretaries, when, from* the particular

circLimftances of their affairs, the Tranfadions had happened for any

length of time to be intermitted. And this feems principally to have

been done with a view to fatisfy the Public, that their ufual meetings

were then continued for the improvement of knowledge, and benefit of

mankind, the great ends of their firfl; iUftitution by the Royal Charters,

and which they have ever fmee fteadily purfued.

But the Society being of late years greatly inlarged, and their com-

munications more numerous, it was thought advifeable, that a Committee

of their members Ihould be appointed to reconfider the papers read be-

fore them, and feleft out of them fuch, as they fliould judge mofl pro-

per for publication in the future Tranfadions
; which was accordingly

done upon the 26th of March 1752. And the grounds of their choice

are, and will continue to be, the importance and fingularity of the fub-

jeft-^, or the advantageous manner of treating them ; without pretending

toa 2
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to anfwer for the certainty of the fafts, or propriety of the reafonings,

contained in the feveral papers fo publifhed, which muft ftill reft on the

credit or judgment of their refpeftive authors.

It is likewife necelfary on this occafion to remark, that it is an efta-

bliChed rule of the Society, to which they will always adhere, never to

give their opinion, as a body, upon any fubjeft, either of Nature or Art,

that comes before them. And therefore the thanks, which are fre*

quently propofed from the chair, to be given to the authors of fuch pa-

pers, as are read at their accuftomed meetings, or to the perfons through

whofe hands they receive them, are to be confidered in no other light

than as a matter of civility, in return for the refpe^b ftiewn to the Society

by thofe communications. 1 he like alfo is to be faid with regard to

the feveral projefts, inventions, and curiofitles of various kinds, which

are often exhibited to the Society ; the authors whereof, or thofe who

exhibit them, frequently take the liberty to report, and even to certify

in the public news-papers, that they have met with the higheft applaufe

and approbation. And therefore it is hoped, that no regard will here-

ijg paid to fuch reports, and public notices
j
which in fome inftances

have been too lightly credited, to the dilhonour of the Society.

At a C O U N C I L, January 28, 1773.

Refolved, That after Volume LXII. the Philofophkal Tranfcidions be

publilhed twice in a year ; the firft publication to be of the months of

November and December of the preceeding year, and January and Fe-

bruary of the current year, as foon as may be after February, under the

name of the “ firft part” of the volume : and the fecond publication to

be of the remaining months unto the recefs of the Society, as foon as

may be after the recefs, under the name of the “ fecond part” of the

volume.
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TRANSACTIONS.

I. t^xtraa ofa Letterfrom Dr. Johningenhoufz, F.R.S.

to Sir John Pringle, Bart. P. R. S. containingfame Ex-

periments on the 'T’orpedo, made at Leghorn, January

ij 1773 having been informed of thofe by Mr.

Wallh)." Saltzburg, March 27, i77 3-

Redde, Nov. lo, g j could get no tuipedos alive to my
1774.

lodgings at Leghorn, I hired a filh-

ing velTel, called a tartand, with eighteen men in her^

and went out twenty miles to fea, where the bottom is

muddy, and where thofe fhh are chiefly to be found. We
caught five j

of which, four were about a fobt in length,

and the other of a fmaller fize* Before the nets were

taken up, I charged a coated jar by a glafs tube, and gave

a fhock to fome of the failors ; who all told me, they fdt

VoL. LXV. B .
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the^ fame fenfation as when they touched the torpedo,

Thofe people acquainted me, that this animal has but

very little force in winter, and cannot live a long time

out of the water. As foon as the whole quantity of fifli

caught was hauled up upon deck, I put the torpedos im-

mediately into a tub, filled with fea water, together with

two or three other filhes, which I found not at all hurt by

their company. I took one of the torpedos in my hand,

fo that my thumbs prefled gently the upper fide of thofe

two foft bodies at the fide of the head, called (perhaps

very improperly) mufculifaleati by red i and lorenzini,

whilfl: my forefingers preflTed the oppofite fide. About
one or two minutes after, I felt a hidden trembling in

my thumbs, which extended no further than my hands

:

this lafted about two or three feconds. After fome fe-

conds more, the fame trembling was felt again. Some-

times it did not return in feveral minutes, and then came
again, at very different intervals. Sometimes I felt the

trembling both in my fingers and thumb. Thefe tre-

mors gave me the fame fenfation, as if a great number
of very fmall ele(5lrical bottles were difeharged through

my hand very quickly one after the other. The fifli oc-

cafioned the fliock, or trembling, as w'ell out of the wa-
ter as in it. The fliock lafted fometimes fcarce a fecond

;

fometimes two or three feconds. Sometimes it w^as very

weak ; at other times fo ftroiig, that I w^as very near being

obliged to quit my hold of the animal. The torpedo

having given one fliock, did not feem to lofe the power
of giving another of the fame force foon again; for I ob-

ferved
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ferved feveral times, that the fhocks, when they followed

one another very fall, were llronger at laft than in the

beginning ; and this was the fame when the filli was un-

der water as when kept out of it. The preffure ofmy
fingers, more or lefs ftrong, did not feem to make any al-

teration in the powers of the torpedo. Applying a

brafs chain to the back of the fifh, where I had put my
thumb before, I found no fenfation at all in my hand^

though I repeated the experiment often, and applied the

chain for a fpace of tijne in v/hich I always perceived a

ftroke^^"^. This was probably owing to the weaknefs of

the fifli in winter; or, perhaps, becaufe I negle6led to

put my finger to its oppofite fide. Having infulated

myfelf on an ele6trical Hand, and keeping the torpedo in

my hand, in the manner abovementioned, I gave not the

lead: fign of being ele<Strified, whether I received a ftroke

from the fifh or not. The torpedo being fufpendedby
a clean and dry filk ribbon, it attradted no light bodies,

fuch as pith-balls, or others, put near it. A coated bot-

tle applied to the fifli, thus fufpended, did not at all be-

come charged. When the fifli gave the fhock in the

dark, I heard no crackling noife, nor perceived any fpark.

When pinced with my nails, it did not give more or

fewer flrokes than when not pinced. But by folding his

(aJ Dr. iNGENHousz means, that he felt no fhock, though he fawthe animal,

by the contortion of its body, give one to the chain. At that time he did not feem

to know, that though tlie fhock would be communicated by a rod of any metal,

it could not be fo by a chain, or where there was the leafl interruption of conti-

nuity,

B z body,
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bcxiy, or bending his right fide to his left fide, I felt more

frequent fliocks. Dr. drummond made thefe experi-

ments with me.

We diffedled fome of the torpedos, and found, if I re-

member well, four very large bundles of neiv^es, palling

lidewards from the head into the two foft bodies, called

mufeuli faleat and diftributed by denfe ramifications

through theirwhole fubftance. Thefe nerves feem to ter-

minate in round threads, which furround certain cylin-

ders of a tranfparent gelatinous fubftance, which feems

to conftitute the material part of thefe fingular bodies that

appear to be the refervoirs of the ele6tric power : thefe

cylinders are parallel to each other, and have their direc-

tion from the under to the upper fide of the fiflr. I did

not obferve whether thefe foft bodies changed in fize

when the torpedo gives a fliock ; but I fufpedl they do.

I waited for a better opportunity to make a good many
more experiments, and repeat, with more care, thofe al-

ready made. But though I have not been fortunate

enough to find any other than what is above mentioned,

I thought it my duty to inform you of what I have at-

tempted, howfoever incomplete my refearches have been.

And if ever any further opportunity fhould offer, and in

a better feafon, I flrall not fail to make all the experi-

ments I can think of, for illuftrating fo curious and in-

terefting a fubje<ft. I am, &c.

II. An
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n. An Account of "Two Giants Caujeways^ or Groups of

prifmatic bafaltine Columns^ and other curious vulcanic

Concretions^ in the Venetian State in Italy; with fome
Remarks on the Charadiers of thefe and otherfimilar

Bodies^ and on the phy/ical Geography of the Countries in

which they are found, Addreffed to Sir John Pringle,

Bari, P, R, S, by John Strange, Pfq, F, R, S,

TO SIR JOHN PRINGLE, BART. P. R. S,

Natumlem caiifarn qucerimus et qfftduam, non raram etfortuitam.

Sen. Nai Qua^ft. h. ii. C. 55.

Redde, Nov. 24,T T-AV IN G had fome fatisfadlion in the
774-

difcovery of two groupa of prifmatic

bafaltine columns in theVenetian State in Italy, fthought,

that an account of them might pollibly prove acceptable

to you, SIR, and to the other learned members of the

Royal Society. 1 therefore take the liberty of tranfmit-

ting to you the prefent, together with accurate drawings

of thefe caufeways,,requefting of you to communicate

them to the gentlemen of the fociety, fbould you think

tliey.merit their ^ittenhon. I lhall, firffc, -briefly explain

'3 the
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the two drawings; and then add fuch obfervations as

have occurred to me, upon confidering more particular-

ly the curious originals which they reprefent.

N. I . Is a topographical view' of a part of the fouth-

eaft fide of a hill, called monte rosso, about feven miles

diftant, nearly fouth, from Padua, in the Venetian State

in Italy, and a mile to the w^eft of abano, a village well

known, from the celebrated hot baths of that name, and

w'hich are lituated at half a mile’s diftance to the fouth of

it. This view particularly reprefents a natural range of

prifmatic columns, of different fliapes and fizes, which

are placed in a direction nearly perpendicular to the ho-

rizon, and parallel to each other, much refembling that

part of the famous Giant’s Caufew^ay in Ireland, called

THE ORGANS, as may be feen at Fig. 2. in the w'eft jirof-

pect of that Caufeway, engraved by Vivares, after one of

Mrs. S. Drury’s excellent defigns. N. 2. Is a limilar

reprefentation of the weft lide of another bafaltine hill,

called iL MONTE del diavolo, or the devil’s hill, near

San Giovanni Illarione, alfo in the Venetian ftate, and

Veronefe diftri6l, about ten miles nearly north-w'eft of

Vicenza. The prifmatic columns appear to be ranged in

an oblique pofttion, along the fide of the hill, not unlike

the group reprefented under the rock, marked Fig. 9. in

Mrs . D RuRy’s weft profpe(5l of the Giants Caufeway . This

drawing, however, reprefents only a part of the Caufe-

way of San Giovanni, which continues along the fide of

a valley, nearly in the fame maimer, to a confiderable

diftance.
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diftance.. Though the columns of both thefe hills are

of the fimple, or unjointed fpecies, Corneus cryjlallifatus

prifmaticus lateribus inordinatis^ wallerii, yet they dif-

fer very remarkably from each other in many refpecfts

;

but principally in their forms, and the texture and qua-

lity of their parts. Thofe of San Giovanni commonly ap-

proach a circular form, as nearly as their angles will per-

mit ;
which is alfo obfervable in the columns of the Gi-

ants Gaufeway, and of moft other bafaltine groups. On
the contrary, thofe of Monte Roflb rather alFe(5t an ob-

long or o\ dl figure, as may be more particularly obferv-

ed in the annexed reprefentation of one of them <'^>’. The
columns of San Giovanni meafure, one with the other,

near a foot in diameter
;
nor do they vary much in their

fize; though this is often the cafe in fimilar groups,

and is particularly obfervable in that of Monte RoflTo,

whofe columns fometimes equal nearly a foot in diame-

ter, while others fcarcely exceed three inches : the com-

mon width of them is about fix or eight inches. They
differ, therefore, very confiderably in fize from thofe of

the Giants Gaufeway; fome of which, as is well known,
meafure two feet in width. I can fay nothing certain

concerning the length of the columns of San Giovanni,

fince they prefent only their tops to view ; the remaining

parts ofthem being deeply buried in the hill, and in fome
places intirely covered, as may be feen in the drawing.

The columns of Monte Roffo, as far as they are vifible,

meafure only from fix to eight or ten feet in height;

(a) Fig. 1,

which
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Which, is alfo a fmall fizcj when compared withthe height
of thofe of the Giants Caufeway, feme of which meafure

near forty feet. The columns of the Venetian groups

manifeft, however, all the varieties of prifmatic forms,

that are obfervable in thofe of the Giants Caufeway, and

other fimilar groups. But they are commonly either of

hve, fix, or feven fides ; and the hexagonal form feems

moftly to prevail
,
which, if I miftake not, is alfo remark-

able in the Giants Caufeway, and, as I believe, in mofi:

others. Nor is there lefs difference in the texture and

qualities of thefe columns, than in their forms. Thofe

of Sail Giovanni prefent a fmooth furface, and, when
broken, appear within of a dark iron grey colour, mani-

fefiing alfo a very folid and uniform texture ; in which

charadlers they correfpond with the columns of the Gi-

ants Caufeway, and thofe of moft other bafaltine groups.

But the columns of Monte RofTo are very different in all

thefe refpe6ls. For they have not only a very rough, and

fometimes knotty furface ; but, when broken, manifeft a

variegated -colour and unequal texture of parts. I have

broken feveral, and have conftantly found them of this

heterogeneous chara61;er, and conclude, that the reft are,

as ufual, of the fame ; nor do I apprehend, that, among
the whole, there is a fingle column of an uniform colour

and texture, like thofe of moft other groups. They are

commonly fpeckled, as it were, more or lefs diftindtly,

and refemble an inferior fort of granite, of which Monte
Roflb itfelf is formed, and which ferves as a bafe to the

range of columns in queftion. It is, in general, not quite

fo
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fo hard as the Alpine and Oriental granites, and is fome-

times even friable, like the Saxum granites particulis pa-
rum adh^erentibiLS. ANON. Min. 270. n. i.; or, Saxum
7nicacewn quartzofumfpatofumquefubfriabile, LiNN.Syft,

Nat. tom. hi. p. 76, edit. Holmiaei768. linn^eus juftly

obferves, that this fpecies of granite abounds m France

;

for I have lately feen large tra6ls of it in the neighbour-

ing provinces of Auvergne, Velay, and Lionnois; and
apprehend, that it likeAvife abounds in the Vivarey, Ge-

vaudan, and Sevennes mountains; from the affinity ob-

fervable in the phyhcal geography of thofe countries.

But it is equally common in Italy; for belides Monte
Roffo, thebulk of theEuganean hills in general, ofwhich
that is a part, principally conlifts of it ; and thefe hills oc-

cupy a conliderable tra6l in the plains of Lombardy. It

is alfo common in the Tufcan and Roman, States; the

mountain clofe to Viterbo, on the road to Rome, is hx-

tirely compofed of it. The Italians call it Granitello^ arid

it much refembles the Lapis variolatus delcribed by
ALDROVANDUs in his Mufeum Metallicum, Though
partial fpots of this granite are often friable, efpedalj.y

about the furface, yet in general it is very hard ;
info-

much, that M. GUETTARD, Compares the granites of

France with thofe of Egpytt^^, The columns of Monte
Roffo appear therefore of a different charadler from ai>y

hitherto deferibed by mineralogifts, who only mention

thofe of an uniform colour and texture. It has be^n

{b) Memoires de 1’Acad, pour 1751.

VoL. LXV. c obferved-
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obferved, that the mafs of hone in the hill above the

Giants Caufeway, portions of which are reprefented at
|

Fig. 9. in Mrs. drury’s weft profpea, is of the fame
j

quality and texture with the columns themfelves ;
which

|

affinity I have conftantly obferved between other ftmi-

lar bafaltine groups, and the mafles to which they be- ;

long. It is not therefore extraordinary, that the fame

fhould alfo be obfervable, between the columns ot Monte

Roflb, and the fort of granite rock on which they ftand,

and with which they feem, in a manner, intimately con-

neaed. For it is further remarkable, that the maftes, or ;

ftrata, of this granite, though irregular, are yet ranged

nearly in the fame direaion with the columns above ^

them, as may be obferved, if I miftake not, e\en in the

drawing. But the great ftngularity here is, that fuch a

' range of prifmatic columns fhould be found bedded, as ;

it were, in a mafs of granite, and compofed nearly of the

fame fubftance ;
of which I never yet faw or heard any

other inftance. This circumftance feems therefore to ren-

der the caufeway of Monte Roftb more curious and fin-

gular than the famous one in Ireland is known to be,

from the regular articulation of its columns ;
the fame

phenomenon having lately been dilcovered at Stafta, one

ofthe Weftern Iftands of Scotland. Different groups ofar-

ticulated bafaltine columns have likewife been obferved

in the province of Auvergne in France; particularly by

M. BEOST DE VARENNES'^^-’, at Blaud near Langcac ;
and

(i) Sage Elemens de Mineralogie Doclmafticiue, Paris, 1772, 8vo.

by
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by M. DESMARESTS, near le Mont M. sage alfo

mentions another near St. Alcon, in the fame iirovincc.

The Monte Roflb group is, however, not only curious in

itfelf, but very interefling, on account of the great light

it feems to throw upon the origin of granites in general,

as I fliall have occafion to obferve more particularly here-

after. It is remarkable that the columns, in the two dif-

ferent groups of Monte Rolfo and San Giovanni, preferve

refpe6lively the fame poiition, nearly parallel one with

the other
;
which is not commonly the cafe in other bafal-

tine groups. For though the principal aggregate, which
forms the Giants Caufeway, ftands in a direcftion perpen-

dicular to the horizon
;
yet other fmall detached groups

of columns alfo appear in the hill above, that affe6f, by
their pofition, different degrees of obliquity. Among the

numerous bafaltine hills of Auvergne and Velay, in

France, many of which I have lately vilited, and which
feem to abound in thofe provinces more than in any

other part of Europe, and perhaps of the known globe,

nothing is more common, than to fee the columns of the

fame group lying in all poffible dire6tions, as irregularly

almoft, as the prifms in a mafs of common cryftal. Nor
is this variety of pofition fo obfervable in fingie columns,

as in whole mafles, or ranges of them, which often pre-

fent themfelves, in the fame hill, difpofed in different

Jirata^ or Rages, as it were, one above the other, many of

which aff«6t very different, and even oppofite, dire(5tions.

(d) De Rome Delifle EfTai de Criftallographie, Paris, 8vo, 1772.

C z Thus,
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Thus, for inftaiice, I have often feeii a range of horizon-

tal columns placed againft another, in which all have

appeared perpendicular ;
while a third mafs, adherent to

one or other of the former, and perhaps to both, has pre-

fented itfelf, with its columns obliquely difpofed. It ap-

pears then, that a perpendicular pofition, with relpedt to

the horizon, is by no means a chara(5teriific peculiar to

bafaltine cryftallizations, as hath been commonly pre-

tended. On the contrary,whole groups frequently occur,

that exclufively affedt particular degrees of obliquity
;
as

is evident in thofe of Monte Roffo, San Giovanni, and

many others. Nor is even the horizontal pofition, though

iefs common, to be excluded, as I have juft obferved;

though I have never yet feen an entire group of columns

fo difpofed. Such a group may, however, poffibly be

found, among the great variety of limilar phaenomena,

which thofe curious and moft interefting provinces of

Auvergne and Velay prefent to our notice. The co-

lumns of San Giovanni feem bedded in a kind of vul-

canic faiid, which, in many parts of the hill, intirely

covers them; nor do I recolledl whether any other fo-

lid maftes appear, befides the columns : thefe, however,,

probably reft at bottom upon a bafe of bafaltine rock of

the fame nature. Nothing is more common, in the pro-

vinces of France juft mentioned, than to fee ifolated ba-

faltine hills almoft exclufively compofed of different lay-

ers of columns, which prefent themfelves in ftages, one :

above the other, often without any other Jlratum be- '

tween them, refembJing, inTome meafure,^magna licet \

co7nponere ]
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componere parvis^ a huge pile or flack of cleft v/ood.

Though I do not mean to eiigrofs this Paper with my
obfervations on the Auvergne and Veiay bafaltes, which

I fliall refer to a future occafion, yet I cannot quit the

fubjedl without adding a few particular remarks, that

immediately concern the prefent inquiry. Though
the columnar cryflallization of Monte Rofib is the only

one I have yet feen, or heard of, in a mafs of granite;,

yet other groups of columns have occurred to me in,

other parts, that are equallyof a heterogeneous fubflance

or texture, though different from thofe of Monte Roffb,

as well as from the common bafaltes. But I fhall men-
tion only one inflance, as the mofl pertinent to my pre-

fent fubje6l, in the bafaltine hill, called Les Rameaux.^,

near Ifenchaux in Veiay. By their form, furface, in-

ternal colour and texture, the columns of this hill par-

take of the charadlers both of the common bafaltine co-

lumns, and of thofe of Monte B.offo before defcribed.

They approach nearer to the fub-oval than the circular

form ;
their furface is rough,^ though not knotty

; and

though they rather incline towards the dark colour, and

hard uniform fubflance, as ufual
;
yet, on breaking feve-

ral, I found them unequal, both in colour and texture,

and fometimes interfperfed with irregular pieces or

patches, as it were, of a heterogeneous hard fubflance,
^

Vhich, by its and fmall rhomboidal cryflalliza-

tions, much refembles a fort of granite I have frequently

feen. The mafs, on which thefe columns Rand, is of the

fame mixed charader; and towards the bafe of the hill,

a granite.
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a granite predominates of the fame nature with that oh-

ferved in the columns. It is alfo remarkable, that gra-

nite in general, throughout Velay and the neighbouring

province of Auvergne, is frequently intermixed with the

bafaltine, and other common vulcanic hills. I have ob-

ferved the fame in Italy, particularly in the Euganean

hills near Padua, and on the confines of the Roman with

the Tufcan State, about Viterbo, Boifano, 8cc.
;
which

tracts are alfo molfly vulcanic. The mountain of Radico-

fani, and its environs, with thofe of Aquapendente, are

chiefly of the fame character; and near the lake of Boi-

fano, by the road fide leading to Viterbo, is the group of

prifmatic bafaltine columns defcribed by kircher in his

Mundus Subterraneus^‘\ andw'hich is the only one in Ita-

ly known to me, befides thofe of the Venetian State. But

the profufion of bafaltine phaenomena in the provinces

of Auvergne and Velay is really furprizing. In a morn-

ing’s ride, of about a dozen or fifteen miles, round Ifen-

chaux, which is the centerof the Velaybafaltes, I counted

.twelve diflinct groups of columns, in fo many different

hills, detached, and at a diftance from each other; and as

thefe prefented themfelves to my view accidentally, w'ith-

out going out of the way in fearch of them, it is to be pre-

fumed, that many others, in the fame neighbourhood,

probably efcaped me. They alfo abound about Puy, the

capital of Velay, and ftill more fo throughout all Au-^
vergne. Nor is it merely a church, a caftle, or perhaps

a village, as in other countries, that fometimes crowms

{e) Lib, viii. fcft. i. c. 9. 6:c,

the
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the bafaltine hills of Auvergne and Velay. Whole cities

are built upon them; a remarkable inftance of which,

among others, occurs in the epifcopal city of St. Flour in

Upper Auvergne, which covers the fummit of a bafaltine

hill, and boalts a Giants Caufeway for its foundation.

This is more particularly feen at the fouth-eaft corner of

the hill, above the bridge, and on the outfide, under the

wall of the town; which circumilances I mention, in cafe

the lame curiolity fliould ever lead any other traveller

into thofe parts. As St. Flour is confined to the ifolated

lummit of a hill,, and is very ciofely built, the circumfe-

rence of the walls fcarcely exceeds much above a mile

;

but the fame caufeway continues from under the town,

on the north fide, to a confiderable diftance through the

remaining lower part of the fame hill, upon which the

hofpital of the town is built. Under this hofpital to the

weft, and by the fide of a road leading down into the

valley from the town, the caufeway is quite open to view,

for a great extent, prefenting the m.oft confiderable fuit,

or continued range, of high columns, that! faw through-

out the whole tour. Including the continuation of this

caufeway, under the town, and the remaining part of the

hill, it forms an aggregate of columns, which, for extent

and importance, may almoft be compared with the fa-

mous Giants Caufeway in Ireland; with this fignal ad-

vantage in favour of the Auvergne, group, that it affords

the foundation to a confiderable city. The columns of

St. Flour differ alfo from any I have yet feen.. Among,
other fingularities, which I flrall not confider at prefent,

I obferved,;
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'I obferved, that their fliafts, though of the ufual prifma-

tic form, are neverthelefs fometimes wreathed, or twifted,

like the artificial, round, and fpiral columns, that are of-

>ten, though barbaroufly, introduced in buildings. The
fubftance of thefe columns is, however, of the common
fort, like that of the columns of San Giovanni, and the

Giants Gaufeway. The town ofChillac, a few miles above

old Brioude, on the river Allier, in Upper Auvergne, is

alfo built on a Giants Gaufeway, confiding of high, firait,

but unjointed columns, which are open to view towards

the river. But I fliall give no further inftances of this

kind at prefen t; only mufi: beg leave to obferve, before

I quit the fubjedl of prifmatic columns, that although

no group of them has hitherto been difcovered in our

ifiand, yet I am perfuaded, that the mountains of Wales

contain one; having, in my tour of that country, ol>-

ferved feveral large pieces of fuch columns at Towen,

on the fea coaft of Merionethfliire, not far from Dolgel-

thy
:
particularly about Towen church-yard, where they

are ufed as pods. I could not learn from whence they

came, but Ihould fufpecd, from the character of the adja-

cent country, that they are found in the mountains to-

wards Dolgelthy, and probably fomewhere about the fa-

mous Gader Idris. For I afterwards obferved, in my af-

cent of that mountain from Dolgelthy,. that its predo-

minant mafs appeared to be a fort of vitrifiable done,

feemingly of igneous origin, and which I fhall here take

occafion to obferve greatly prevails in North Wales, par-

ticularly in the three Alpine Gounties of Merioneth,

Montgomery, and Garnarvon. Having
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Having dwelt a little upon the fubjedl of bafaltine orga-

nization, I fliall beg leave to add a few remarks concerning

the origin of thefe bodies. The fyftematicalmineralogifts,

in general, affignthe fame common origin to moil lapide-

ous folids, which they fuppofe to be generated by depoh-

tion from an aqueous fluid. In whatever manner, there-

fore, the prifmatic bodies in queftion are claffed upon fuch

a principle, no adequate idea can thence be afcertained

concerning their origin, which feems manifeftly difierent.

For furely the ftru6ture and otherphaenomena ofthefe bo-

dies fufiiciently prove them to be cryflallizations or con-

cretions of a particular kind, and generated immediately

from an igneous fluid: for they are not only peculiar to vul-

canic tra6ts of country ; but differ, in every refpe6t, from

common cryflals produced from an aqueous fluid. Every

one knows, that the latter are formedJlratumfuperJlra-

tum^ by a flow and fucceflive depofition andjuxta-poH-

tion of parts, as hath been proved fatisfadtorily by cap^

PELER, LiNN^us, and other writers on this fubjedt. The
fame mode of generation is more particularly explained

by STENO, in his excellent treatife Defolido intrafolidum

naturaliter contento. But this mode does not feem at all

reconcileable with the bafaltine cryflallizations in quef-

tion, For however thefe bodies may vary in their tex-

ture, none of them, notwithflanding, afford the lead: in-

dication of an origin common to other cryflals ; but feem

rather the effedls of fome intrinfic principle of organiza-

tion, by which tiiey appear to have been produced fimul-

VoL, LXV. D taneoufly,
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taneoufly, in a manner, upon the confolidation of the

whole mafs of matter, in which they lie, and with which

they conftantly bear the greateft analogy, as I have be-

fore obferved. It is further remarkable, that common
cryftals are parafitical bodies; whereas bafaltine cryf-

tallizations, notwithftanding the peculiarities of their fi-

gures, rather feem to form integral parts of the mafTes

to which they adhere ; and feem to acknowledge, with

them, one common and fimultaneous origin; like the

rhomboidal and other cryftallizations in granites, and

other limilar vitrifiable compound hones. Nor does the

common flow and limited principle of cryflallization

feem at all adequate to fo great an effect, which feems ex-

clufively attributable to an igneous fluid, on the general

concretion of which, the organic principle may be fup-

pofed to have operated fimultaneoufly in a large mafs,

and produced thefe bodies in the fame manner as a lin-

get of metal concretes at once in the mould. No other

mode of generation feems reconcileable with the phae-

nomena of bafaltine aggregates, as I fhall more fully

prove in the account of thofe of Auvergne and Velay.

Nor do I pretend to determine how ftridfly this fimulta-

neous concretion of parts may be applied to the organi-

zation of fuch bodies, having ufed that expreflion rather

in oppofition to the flow and interrupted fuccellion, that,to

all appearance, takes place in the formation of common
cryfcals. It feems alfo further evident to me from the

phsenomena, that prifmatic bafaltine cryftallizations,

and other regularly figured vulcanic groups (for others

have
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have lately occurred to me in Auvergne and Velay, which

have never yet been conlidered, and of which I fliall

hereafter give an account) it feems, I fay, evident to me,

that fuch regular bodies have been generated locally, and

not in the midft of thofe violent convullions of Nature,

which are commonly affigned for the origin of vulcanic

mountains in general. That the principle of organiza-

tion, whatever it be, operates locally, in the formation of

thefe bodies, appears, I think, fufficiently evident from

the regular difpolition and other particular chara6lers of

their groups. For notwithftanding the various dire(5tions

of the columns, and maffes compofed of them, in the dif-

ferent groups, as I have before obferved
;
yet, in other

refpedts, the greateft regularity of difpolition is common-
ly obfervable. They form Jirata^ which are uniformly

organized, difpofed in particular dire6lions, and often

conftant in the fame to a great extent. ThefeJlrata not

only manifelt a parallelifra between their regularly fi-

gured parts, but in their whole aggregates ; which often

form extenfive horizontal beds, and of an equal thick-

nefs throughout. This parallelifm is alfo equally re-

markable in groups that are compofed of many Jirata%

as I have particularly obferved in thofe of Murat, and the

Caftle Hill of Achon, in Upper Auvergne; in which the

columnarJlrata are not only parallel in themfelves, but

preferve, in their pofition, a parallelifm with the other

Jlrata of the refpe6Uve groups, which lie in regular ftages,

one above the other : and fince thefe groups commonly
form, in a manner, integral parts of the mafies, or moun-

D 2 tains,
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tains, in which they are found, and thefe manifeil alfo

fome affinity in their ftiruSlure ;
it feems moft reafonable

to affign to both one common origin. The received

notions, concerning the mode of origin of vulcanic hills,

do not therefore feem intirely to correfpond with the

phaenomena of Nature; fince naturalifts generally fup-

pofe, that they have all been thrown up, from the bowels of

the earth, by fubterraneous explofions, like the Monte

di Cenere, near Puzzuoli, in the kingdom of Naples, the

ifland of Santorino in the Archipelago, or the ejected en-

trails of Vefuvius and^tna. But furely this muft appear

a miftaken notion to any one who compares thefe tumul-

tuary and inordinate aggregates,wdth the regularvulcanic

organizations before defcribed. For in facft, what does

Vefuvius, ^Etna, the Monte di Cenere, and fuch like

eru6ted piles, prefent to us but a heap of ruins, which

evidently manifeft the cafual and extraordinary caufe, to

w hich they avowedly ow^e their origin ? But this origin

feems irreconcileable with the regular ftrucftures before

mentioned, as may perhaps fatisfadlorily appear, from

my confiderations on the particular phaenomena, that

characterize them. And though it is very poffible, that

fuch organizations may fometimes take place upon the

concretion of liquified matter thrown up in vulcanic

eruptions
;
yet, however fimilar they may he, from the

nature of their origin, I can hardly imagine they can

form other than imperfeCt and irregular maffies. For

however wonderful the rivers of lava of Vefuvius or^t-

na may appear to us
;
they, in reality, are but partial and

4 tumultuary
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tumultuary efforts of nature, that by no means feem ade-

quate to the production of a Giants Caufeway, or the ba-

faltine organizations of Auvergne and Velay, feveral of

which continue, almofl uninterruptedly, formany miles.

This I have more particularly obferved in the folitary

and horizontal bafaltineJlrata that cap the high, though

flat, vulcanic hills in Auvergne, and the adjacent part of

Velay; as may be more particularly feen at the brows of

thofe hills in the refpeCtive vallies. The celebrated M.de

BUFFON, fpeaking of thefe hills,, ftyles them Des plaines

en montagnes^ qui forment des pays au dejfus des autres

pais(fK They alfo prove the miftake of fome naturalifts,

who falfely afcribing to vulcanic hills in general the fame

origin,, as to Vefuvius and ^tna^ exclufively aflign to

them alfo the fame conical or orbicular forms. But, if I

miftake not, the particular and relative characters of ba-

faltine,- and other regular vulcanic organizations of the

like kind, contradiCl a cafual and tumultuary caufe, and

evince the neceflity of their local origin upon a more

fteady and uniform principle. I fliall alfo further ob-

ferve, that I never faw any certain veftige of a regular

crater in any fpot characterized by ftmilar organizations
;

which, as I before remarked, form, in general, integral

parts of the mafles to which they adhere, and which alfo

frequently manifeft an analogous ftruCture, however ir-

regular. And fo far are they from reprefenting the ruin-

ous fcenes of Vefuvius or ..^tna,that they often afford no
loofe or ifolated mafles, except fragments of the columns

(f)
Hiftoire Naturelle, tom, ii. p. ii.

of
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of fuch groups, which have given way through time.

This I have more particularly obferved in the vulcanic

,-and columnar hills of Ifenchaux in Velay
;
in which the

groups of columns are often fo united with the body of

lava^ that they form, in a manner, but one folid, though

figured mafs. Monte RolTo is precifely of this charadter;

nor did I obferve a fingle column, or fragment even,

loofe; thofe in the drawing being merely introduced to

fliow the forms of the columns. Neither are there here,

or in the bafaltine hills near Ifenchaux, any figns of a

crater: on the contrary, thefe hills, as well as Monte

Roffo, are moftly terminated by regular convex fummits,

that form a folid mafs. And that fufed mafles fliould

frequently concrete in fuch a form we need not wonder,

if we refle^l on the effervefcent and expanfive property

of fire. The phaenomenon of horizontal vulcanic hills

is accountable upon another principle, and feems chiefly

to depend on the Rate of thofe hills before their ignition;

as I fliall endeavour to prove in my account of thofe of

Auvergne
;
and of which the vulcanic hills of the Vero-

nefe and Vicentine diftri6ts afford alfo fingular inftances,

which I fliall now confider. It is difficult to fay in

what ftate vulcanic hills of a particular and regular ftruc-

ture, like the bafaltine hills, for inftance, may have pre-

exifted, before their alterations by fire, fince they afford

evident proofs, not only of a liquefadtion, but of an in-

tire new organization
; by which means all marks of their

former characters are totally effaced. Notwithftanding

which, fince thefe organizations are generated locally,

fome
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f6me light is often tobe had, even in this difficult queffion/

and merely from the phyhcal geography of the country,

independent of the particular ftrudlureof the hills them-

felves. For countries have their external charadlers, ac-

cording to the nature of the hills that compofe them

;

though thefe chara6lers feldom form a part of the geo-

grapher’s inquiries; geography having never yet been

formally conhdered, but as fubfervient to civil hiftory.

Iffiall not enter particularly into thisqueffion at prefent;

only ffiall obferve, that the difference, in the external

characters of mountains, according to their internal ftruc-

ture, is eaiily feen, on comparing, for inffance, the out-

ward forms of mountains of granite, or other limilar vi-

trifiable compound ftones, which are of an irregular

ftruCture, with thofe of limeftone, which are commonly
formed in regular Jlrata. Signal examples of this are

obfervable in the chain of mount Jura, which is exclu-

fively calcareous, and of a horizontal fummit, and that of

the Alps, whofe higheft mountains are mollly of granite,

and terminate in pics, pyramids, and other irregularly

pointed forms, according to the nature of fuch moun-
tains. When therefore a remarkable limilitude is ob-

fervable, between the forms and difpofition of the hills

and vallies of a vulcanic diftriCt, and thofe of other coun-

tries of a certain character, that have not buffered by fire,

it is reafonable enough, upon th e principles before adopt-

ed, to fuppofe the fame limilitude even in the primary

ftruCture and qualities of the former, however thCy may
have been obliterated by the intervention of fire. The

vulcanic
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vulcanic diftri61s of Auvergne and Velay, as well as thofe

of the Venetian ftate, afford proofs enough of the truth

of this opinion ;
but I fliall confine myfelf at prefent to

the latter, and particularly to the phaenomena of this

kind, which I obferved in the Vicentine and Veronefe

mountains, and which, if 1 miflake not, will appear de-

cifive in the queftion before us.

Thefe mountains occupy the lower fkirts ofthe Alps^on

the north fide of Lombardy, and are partly vulcanic, and

partly of limeftone. They form fub-divifions, or lateral

branches of the great chain of the Alps, from which they

diverge, nearly at right angles, and extend in a fouthern

dire6lion, and parallel with each other, towards the plain.

Some of thefe branches are intirely of Umeftone, without

any lava ;
others are compofed of a mixture of both ; and

others again are exclufively vulcanic. I have rode from the

point of one of them near Montebello, in the Veronefe

territory, to Bolca, always upon lava^ for the diftance of

near twenty miles. It is along this branch, by the fide

of the valley leading to Bolca, and about four or five miles

fhort of it, that the caufeway of San Giovanni Illarione

before defcribed is fituated. The whole folid mafs of

this branch, as far as I could obferve, is almofi: intirely

compofed of lava^ which, . about the fkirts and furface

particularly, is of various kinds. Among others very cu-

rious, I remarked fome, at the foot of the cafUe hill near

Montebello, concreted in different maffes, which, by their

extreme hardnefs, heterogeneous texture and colour, very

much refemble an ordinary fort of porphyry. But I faw

no
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no granite mixed with the lava, in thefe lower limeftone
Ikirts of the Alps, though it abounds fo much in the
neighbouring Euganean hillsy^as well as in Auvergne
and Velay, as I before obferved. Notwithftanding the
general vulcanic charadler of this branch of Montebello,
its original ftruaure and chara6ters are hill very evident,
and perfectly correlpond with thole of the neighbouring
branches, that have never fulfered fire. Forthough fome
new igneous modifications have accidentally and partial-
ly taken place about the Ikirts and furface of this branch;
yet in other more internal parts, not only the original
horizontal pofition and parallelifm of theJirata are ma-
nifefi:, but fmall, though integral parts of thofe Jirata,
here and there, remain unburnt, and fliow their calca-
reous qualities, ltru6ture, and extraneous contents, per-
fectly fimilar to thofe of the other neighbouring moun-
tains, that have never fuffered by fire. This I particu-
larly obferved along the brows, or upper lateralJirata of
the vulcanic branch juft mentioned, above the valley be-
tween Sorio and Montebello. The famous foflil fifhquar-
ly at Bolca, fo well known to all the curious in Europe,
is only an unburnt, calcareous, and flaty point, or fide
promontory, as it were, of the higheft part of the fame
vulcanic branch, that defcends into the valley, from the
church and village of Bolca, which are built upon it.

This point within unites immediately with the lava^
forming, in a manner, an integral part of the fame hill.
In other parts again, and particularly at Ronca, alfo in
the Veronefe territory, a few miles to the north-weft of

VoL. LXV. E Montebello,
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Montebello, though themafs is converted intirely tolava^

and has evidently concreted from a fufion, yet the ma-

rine foffil bodies, originally contained in theJirata^ are

dillinguifhable, and even dihindt in the lava^ though va-

rioufly disfigured. Another obfervation I made, and

which appears to me very interefting, is, that mofi: of

thefe branches, in the Veronefe and Vicentine territories,

whether marine, vulcanic, or mixed, ftill preferve nearly

the fame external chara6lers, diredtions and parallelifm,

exclufiveof the trifling alterations produced atthefurface

of the latter, as I before obferved. It feems, therefore,

fufliciently evident, that fire not only operates locally on

lapideous folids, but often alfo in fuch a manner as not in-

tirely to deflroy all marks of their primary organization

and qualities, much lefs to alter their difpofitions, and

the external chara6lers of the mafiTes or mountains, they

form. And though all traces of the primary organiza-

tion of thefe malTes maybe effaced by new modifications,

yet often fuflicient proofs remain of their former charac-

, ters, in the forms, diredtion, and difpofition of the moun-
tains they compofe, as appears from the inftance I have

jufl confidered, and is fiill more flrongly confirmed by

the phaenomena of Auvergne and Yelay, which I fliall

confider upon a future occafion. It does not, there-

fore, feem impoflible, nor even difficult, to trace the lead-

ing original charadter of a coimtry, though it has fuf-

fered by fire a new modification of theJlrata that com-
pofe it. And the vulcanic mountains before defcribed

not only afford evident marks of their having pre-exilfed

in
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in another ftate, but manifeft alfo plainly their primary

qualities and ftru6ture, and equally prove, by their par-

ticular diredtions, that they never can have been thrown

up fortultoudy, from the bowels of the earth, like the

Monte di Genere, 8cc.
;
but have fulfered fire infiatu quo,,

or locally, without the leaft appearance of fubverfion, or

change of place. The fame feems alfo very probable of

many other mountains, that are purely vulcanic, from

the neceflity of the local origin of their particular orga-

nizations, which I have before confidered ;
andfuppofing

even that fuch mountains manifefl no internal nor ex-

ternal figns of their primitive ftru61ures or qualities.

From the preceding obfervations it appears, I think, evi-

dent, that fubterraneous explofions and eruptions are

merely accidental phccnomena, that are by no means ef-

fential to the production of all vulcanic mountains, as

has been commonly imagined. This notion feems to

have proceeded from the affinity often obfervable in the

qualities and external forms of many fuch mountains,

and thofe of real volcanos. But I have already obferved,

that there are many vulcanic mountains of a totally dif-

ferent form from the common volcanos; and though

their lava may fometimes be fimilar in its qualities, yet

the regular organization of it, in the former, frequently

makes a moft effential difference. For, as I before faid,

what does Vefuvius or ^tna prefent to us but a heap of

ruins, which give us not the leaft idea of the ftruClures to

which they belonged ? And though they may lead and

enlighten the chymift, yet they afford but little inftruc-

E % tion
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tion to the phyfical geographer, a conftant famenefs of

phaenomena occurring every where. Nor have we any

foundation, from the external appearance of fuch moun-
tains, to conclude, that all others, that have fuffered fire,

are of the fame character. We fee nothing but a heap

of ruins, call up from their bowels, and we are apt to

imagine, that fuch inordinate materials compofe the in-

tire mafs ;
and analogy, too often feducive in fimilar mat-

ters, leads us to conclude the fame of other vulcanic

mountains in general. But I am much inclined to think,

that the materials thrown up by burning mountains,

are only lodged fuperficially, as it were, on their fides

;

and though they may confiderably increafe their bulk,

as well as alter their form, yet they do not feem to con-

flitute the intire mafs of thofe mountains, as might be

reafonably imagined from their external appearance.

For it has been obferved, both by padre de la torre,

M. DE LA LANDE<'^>’, and Others, that the inner fides even

of the funnel of mount Vefuvius preferve manifeft vef-

tiges of its primary organization, in regular, parallel, and

nearly horizontal Jirata^ like thofe of other common
mountains. And does it not appear more than probable

from hence, that an original mountain lies under the

lava of Vefuvius, ferving in a manner, as its bafe, and

which, whatever local alteration it mayhave received in-

trinlicaliy, from the fubtle element, that waftes its bow-

els, hill maintains its primary undifturbed ftru(5ture, like

the vulcanic mountains of the Veronefe territory be-

(g) Voyages d’ltalie, tom. VII. p. 169^176.

fore
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fore defcribed. It is not therefore likely, that the whole

of mount Vefuvius fliould have been made at feveral

times, by the earth and cinders flung up out of the

mouth, that lies in the midft of them, the afhes falling

down the fides of it, like the fand in an hour-glafs, as

Mr. ADD ISON particularly obferves, and as moft peo-

ple are naturally enough apt to think. And however

conflderably the bulk of this mountain may have been,

increafed, by the loads of lava thrown out at the feveral

eruptions
;
yet no great addition feems to have acceded

to its height, if the obfervation juft mentioned be true
;

which, though I have never had it in my power to verify,

yet I readily believe; not only on account of the relpedta-

ble authorities above quoted, but alfo from its confiftency*

with other flmilar andindifputable phaenomena, ofwhich

the vulcanic branch of Montebello before defcribed af-

fords, if I miftake not, no inconflderable proof. Nor does

it indeed appear agreeable to reafon, that mountains of

great height, where volcanos exift, fliould be entirely vo-

mited up in this manner; fuch volcanos feeming to re-

quire a folid and permanent channel for theviolence and

frequency of the effects they produce. It feems there-

fore, that a Avay or channel only has been opened, by an
original effort or explofion, through mount Vefuvius,

which has fince been deeply buried by the materials fuc-

ceflively thrown up, from its bowels, in the feveral erup-

tions. And I am inclined to think the fame of mount
^^itna, from its fuperior height, though I am uncertain

(h) Travel?, p. 184.

whether



[ 30 ]

whether borelli, or any other of its hifloriographers,

takes notice of any fa6t, by which this conjedture is

proved. The fame feems alfo probable, for fimilar rea-

fons, of mount Hecla, the Pic of Tenerif, See. And if

this be true of lingle or ifolated volcanos, like Vefuvius

and .Ttna, that carry fuch ftrong external marks of hav-

ing been exclufively produced by the accumulated lava

of eruptions, much more is it likely to be fo of others,

that are not only conhderably higher, but form parts of

a continued chain, like the volcanos of the Andes, as I

imagine. Is it not, moreover, highly improbable, that

Chimborofo, which is one of thofe volcanos, and the

higheft mountains in the known globe, meafuring, ac-

cording to the French academicians, 3220 toifes, which

exceed four Italian miles, allowing 764 toifes to a mile;

is it not, I fay, highly improbable, that fuch a mountain

Ihould exclufively owe its origin and formation to the

accumulated materials of eruptions only ? May not the

fame be faid of the mountains Antifana, Kotopaefi, Pi-

chincha, and the other volcanos of the Andes, of which

fome are little inferior in height to Chimborofo, and

conftitute in general the higheft parts of that vaft chain ?

And though the fummits of thefe mountains, in all pro-

bability, form ifolated points, yet, I prefume, they unite

in an uninterrupted mafs below, like other chains of

mountains. irAnd if this be true, it is hardly credible,

that the mafles where thefe volcanos refpedtively exift,

call have been indebted folely to them for their origin,

or that they can have been fortuitoufly caft up from the

7 bowels
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bowels of the earth like the Monte di Cenere, the ifland

of Santorino, 8cc. If they form integral parts of a con-

tinued chain, as it is natural to fuppofe, is it not even

abfurd to imagine, that they can have had fuch an ori-

gin ? Is it not, on the contrary, rather to be prefumed,

that channels only have been opened along this chain,

by different explofions, where thefe volcanos refpe6tively

exift
;
and that the fides of thefe channels form integral

parts of its original ftrudfure, as in the cafe ofmount Ve-

fuvius before remarked, and which here feems to receive

the ftrongeft confirmation. For however the eruptions

of the volcanos of the Andes may have loaded their fides

and fummits in particular parts
;
yet furely inferior maffes

exift of a much prior origin, and whofe continuity fuffi-

ciently feems to prove, that fuch eruptions are, relatively,

only accidental phaenomena. This reafoning is, how-
ever, grounded upon the fuppofition, that the Andes
form a continued chain, like that of other fimilar moun-
tains; and, as I prefume, they do. From the preceding

obfervations it feems therefore evident, that whether vul-

canic mountains preferve, or not, veftiges of their ancient

and primitive ftate, or in whatfoever manner they ap-

pear to have been newly organized
;
few of them feem

to have been intirely thrown up from the bowels of the

earth, like the Monte di Cenere, 8cc. On the contrary,

they moftly appear to have pre-exifted in another ftate

;

and to have fuffered by fire only locally, and more or lefs

partially, of ^yhich I have given fufiicient proofs; or,

having afforded only paffages to explofions and eruiFions,

are
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are partly in an original ftate within, and partly increafed

by new and adventitious materials fuperadded to their

furface by fucceffive eruptions
; as feems to be the cafe

of the vulcanic mountains of the Andes, mount Vefuvius,

and probably of moft other volcanos of any great height

;

more efpecially where they form parts of continued

chains. And if fo few of the extincl vulcanic mountains

appep.r to have been thrown up, from below the com-
mon furface of the earth, like the Monte di Cenere, See.

nor even thofe intirely which manifeft adlual volcanos
;
it

feems highly improbable, that other common mountains

fhould have had fuch an origin
;
as many refpeclable wri-

ters <''>’have been inclined to think
;
and hill more fo, that

fuch fliould have been the foie origin of all mountains
; as

a late Italian writer on the theory of the earth has very

unfuccefsfully endeavoured to prove. It alfo plainly ap-

pears, if I miftake not, from what has been before faid,

that the phaenomenaof recent volcanos are very little cal-

culated to give us much inflrudlion about the more cu-

rious igneous concretions, and the origin of vulcanic

mountains in general
;
and that a few days tout' in fuch

countries as Auvergne, Velay, and the Venetian ftate are

worth a feven years apprenticefliip at the foot of mount
Vefuvius or riEtna; where nothing but a heap of un-

inflmctive ruins, and a famenefs of j^haenomena appear.

And lince our ideas, concerning vulcanic effects, have

(i) Hooke’s Philofophi^'a! DlfcOurfe on Earthquakes in his pofthumous

Works, ray’s Phyfiologlcal Difeourfe. raspe Specimen Globi Terraquei.

j'/f) MORO de Croftacei che fu i Monti li trovano.

been



[ 33 ]

been almoft exclufively drawn from recent volcanos, we
cannot much wonder if they yet remain fo imperfedh

Having dwelt a little, in the courfe of this paper, on

the phylical geography, and particular vulcanic phaeno-

mena of Auvergne, Velay, and the Veronefe and Vicen-

tine territories ; I fhall beg leave to add a few obferva-

tions of the like nature relating to the Euganean hilLs

;

more efpecially as they produce other vulcanic concre-

tions equally curious, and of a very different charadfer

from any obferved in the provinces before mentioned.

The Euganean hills form an irregular group in the plain

of Lombardy, about feven miles nearly fouth by weft

from Padua, and extend from north to fouth as far as

Efte. The moft confiderable part of them compofes an

irregular fort of chain, which extends in the above di-

redlion; while other parts are feverally detached, and

form ifolated mountains about the fkirts of this chain,

particularly on the north-eaft fide, towards Abano. The
outer ftdrt of the infire groupmay meafure perhaps from

thirty to forty Englifh miles. The external characfters

of this group exactly correfpond with the forms com-
monly afcribed by naturalifts to vulcanic mountains in

general*; lince the points of the chain before mentioned,

as well as the ifolated members of it, are ofvarious coni-

cal, orbicular, and elliptical fliapes. As this group, there-

fore, refts upon a perfect plain, it makes a very lingular

appearance, and exadfly anfwers to the following lines of

Ovid''^^, which, I hope, I may therefore be permitted to

infert, though in a philofophical paper.

(/; Met. lib. XV.

FVoL. LXV. Extentam



L 34 ]

Extentam tumefecit humum^ ceufpiritus oris

Eendere vejtcamfolet^ aut direpta bicornis

Eerga capri ;
tumor ille loci permanfit^ et alti

Collls habetJpeciem^ longoque induruit avo.

The vulcanic hills immediately round Ifenchaux in Ve-

lay afFedl alfo the fame forms; but as they are mixed

with other hills of a different form, and the country

about them is broken and irregular, they do not produce

fo lingular an effedt as the Euganean hills, which fud-

denly rife from a perfedl level. I am informed, that there

is a limilar, though fmaller group of ifolated vulcanic

hills in a plain of Dalmatia, near Colfovo
;
and another

group of hills, nearly of the fame forms, in the county

of Down, in Ireland, and called the Mourn Hills ; which,

like thofe near Padua, conlift, as I am informed, mohly
of granite and lava. The Euganean hills have, more-

over, a fuperficial and partial covering of llaty and cal-

careous Jirata^ of pofterior origin, and that manifeft no

marks of having fuffered by fire. Such Jlrata flightly

capmountVenda, which is the highefl among thefe hills

;

though of no very confiderable elevation, meafuring

only about 252 French toifes above the Venetian La-

gunes, according to abbe Toaldo, profeffor of aftronomy

at Padua, who lately, at my requeft, obligingly took its

elevation from the obfervatory at Padua. From the lava

and granite mixed together in the Euganean hills, they

bear an affinity with thofe of Auvergne and Velay; but

differ from them by the fuperincumbent unburntJlrata

of Lime-ftone. This they call ScagUa, or Scagliola, from

its
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its being compofed of tbin ilaty Jirata^ which are of a

yellowifli colour, and contain a few veftiges of foffil ma-

rine bodies, but no regular bed of them. Sometimes an

irregular mafs of marble is found among theScaglia, and

near Arqua particularly, of a moft beautiful kind, much

refembling the noted Florentine figured miarble
;
with

this further addition, that,befides the ruins it reprefents,

it is alfo variegated by frequent dendrites, which, if I

miifake not, are very uncommon in the former. Part of

the tabernacle of the great, altar in the church at Arqua

is of this marble, which alfo takes a moft beautiful polihi.

If Vauclufe, near Avignon in France, is become cele-

brated from the memory of the plaintive and eloquent

PETRARCH, Arqua ought ftill to be more fo; fince not

only his remains lie there, in a largefarcophagus^ of red

Veronefe marble, in the church-yard; but his villa at

Arqua is ftill in being, and preferves fome paftoral and

hiftorical frefco paintings, of himfelf and his laura, of

no inconfiderable merit. His great armed chair, and the

fkeleton of his favourite cat, are alfo ftill in being. This

villa was his retreat, during his refidence at Padua, where

he was a canon of the cathedral. Thecommonlava is

not fo frequent among the Euganean hills as in the pro**

vinces of Auvergne and Velay, and feldom forms intire

hills, which are moftly of granite, on the furface of which,
where there is no lime-ftone, the lava is partially and fu-

perficially fcattered, and fometimes mixed even with the

mafs of granite. I have already obferVed, that the prif-

matic group of Monte Roflb is nearly of the fame fort of

F 2 granite
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granite with, the hill, and is the only one in thofe parts

;

the common \mlcanic tradls affording nothing fimilar.

Having dwelt fufiiciently on this group, in the begin-

ning of my paper, I fhall briefly add a few obfervations.

on the phyfical topography of Monte Roffo itfelf, with

an account of fome other of its vulcanic produdfions, not

lefs curious than the group of columns before defcribed^

Monte Roffo is ifolated from the principal chain of the,

Euganean hills, of an orbicidar form, andmeafures about

a mile and a half in circumference at the bafe.. It con-

lifts principally of gray granite, which is difpofed in,

blocks, and irregularly’perpendicularJirata. I have al-

ready mentioned the quality of this granite, and its re-

femblance with that, of Auvergne and Velay. Towards

the.furface of Monte Roffo, it appears fometimes rotten, ,

or friable, and. porous, as it were,
,
like a motley kind of

lava^ which I have frequently feen. But I was furprifed, ^

on examining the granite maffes of Monte Roffo, to find

in them pieces of common.porous brown lava-, which ,

did not appear to be cafually lodged there, and of extra- .

neous origin, (like the rounded pebbles in. pudding.,ftone, ,

and other aqueousJirata) hwt manifefllyfeemedto form

integral parts of the mafs itfelf, and to have concreted
.

with it at tho fame time. . Lobferved a fimilar fort of po--

rous lava., but of a black colour,, in the granite of the

caftle hill at Moncelefe, near Efle, at theTouth eafl fkirt
.

of the Euganean hills ; and I.doubt not but the fame is

common to others.. This fadf, added to many others,

which I fhall not infift upon at prefent, feems flrongly

to
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to confirm an opinion, which I have long entertained of?^’

the igneous origin of granites in general; fome further-

proofs of which I fliall hereafter confider. A dingy red

ochrous earth covers partly the furface of Monte Rofib^,

from whence probably proceeds the name given to the

hill
;
ro£b^ in Italian, fignifying red. Much iron fand alfo

abounds here, as it commonly does about otherwulcanic

and granite mountains or trails in general. Among, the

figured concretions of Monte RofTo, I obferved a fmalL

open perpendicular bank, at the eaft end of the hill,

which prefented a group of a very peculiar Rruilure. It

is formed by an:aggregate of angular bodies, laterally

ranged together, like balfantine columns; but in a hori-

zontal direilion, with their tops in front, and prominent,

as they are reprefented in the figure Thefepromi--

ixencies are of a globofe form, and made roughby a num-
ber of fmall cryfiallizations, of a parallelipepid figure,

.

that are concreted in the mafs, which is of a yellowilh'

colour, and rathenfriable fort of vulcanic fubRance, in-> •

fomuch that I could not feparate, or ifolate the bodies fo.

far as precifelytordetermine their particular form, though

a.correfpondent continuation of the external angles ap- •

pears within, and they feem to contrail a little, pyra-

midically, like the ifolated body .figured^”^, and wliicli

feems to be fomewhat of the fame kind, but of a much
harder fubfiance. .This. is alfo from a part of Monte Rofib

near the prifm^tic columns. Though
j
as I before faid,

there are very few of the Euganean hills that intirely-

Fi^, 2... fsjFig. 3,.

confiffc

:
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confiit of comnion bafaitine, or other lava, like thofe of

Aavergae, Velay, and the Vicentine and Veronefe terri-

tories; yot fome there are, and very curious, which I

fhill briefly defcribe. Monte Nuovo, or the New Moun-
tain, about a league to the fouth of Abano, and near Bat-

taglia, is one of them. Though connedfedwith the prin-

cipal chain of the Euganean hills, by a depreifed neck, or

ijfhmus, yet it contains no granite, or lime-ftone, like the

reft of that chain, but is formed exclufively of lava, of

various kinds, and different from any lava I obferved

about thefe hills. Great part of its Rtrface, efpedally

about the top, is very rough, knotty, and fiiiuous, and

manifeftly appears to have concreted from a fulion by

hre. The fkirts and bottoms of it equally prove the fame,

-confifting moftly of another fort of mixed and congealed

lava, which the Italians call lava brecciata, from its re-

femblance to the Breccia marbles. It is formed by many
broken and irregular fragments, that have been acci-

dentally licked up, as- it were, or colleded by the lava,

while melted and running, and concreted with it, with-

out however fuffering fulion. Large broken maffes of

this lava are feen about the foot of the hill, very much
refembling fragments of ancient Roman buildings ruin*^

ed
;
infomuch, that I miftook for fuch the firft mafs I

faw, under a part of the hill, called II Monte della Croce,

from the church built upon it. The manner in which

the Romans were accuftomed to fill up the inner parts

of their thick walls, within the facings, exa6tly refem-

hles this kind of Breccia lava\ fince they ufed irregular

Jbits
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bits of ftone, confufedly thrown into, and cementedwith

a large body of mortar. This kind of lava is common
enough about Vefuvius, and other recent volcanos; and

alfo occupies large tra6ts in Upper Auvergne, efpecially

between Murat and Aurillac
;
where it covers the Ikirts

of the hills, by the fide of a valley, for many miles
;
form-

ing the moft grotefque figures imaginable. I have alfo

obferved it, in plenty, in the environs of Puy, in Velay.

The famous St. Michael’s church at Puy is built on the

fummit of a high, ifolated, and almofi: pointed rock of

this lava^ and makes a very extraordinary appearance.

Monte Nuovo feems to have fuffered a more recent con-

flagration than any other of the Euganean hills, as its

name rather implies. But though its fkirts and furface

appear, almofi: every where, to have fuffered a fufion
;

yet parts of the internal firu6ture of the mountain,- ma-
nifeft, however, the primary horizontal direction and pa-

rallelifm of theJlrata^ as I before remarked of the Vero-

nefe vulcanic hills. This I particularly obferved within

the park of Cataio palace, which is fituated at the north-

eafi: extremity of Monte Nuovo, and has parts of its un-

der apartments cut out. of. the folid rock of lava> Sup-

pofing Monte Nuovo ifolated from the low narrow ifth-

mus before mentioned, it.would meafure about fix miles

in circumference at the bafe. Ifliall further obferve, that

it forms a fort of half moon, on the weft fide of the plain

near Battaglia,, and ftands in the centre of feverai hot

fprings; as thofe of St. Elena, and San Bartolomeo, to the

fouth and weft
; thofe of Abano and Monte .Ortone to the

north.
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norcli, and many others . The neighbourhood ofMonte

N novo, is alfo rendered interefting to naturalifts by its

follil glafs, vitrum obfidianum plinii, pumex ^jttreus fo-

Mus L IN N JE I
,
which is found in plenty under the weft fide

of it, in a fmall valley, called Val San Zi bio, near the baths

of San Bartolomeo. It exadly anfwers to the charaders

given of it by linnveus and others; as may be feen by

ibme fpecimens of it, which I havefent, and which were

broken from avery large mafs. It abounds about the volca-

nos oftheAndes particularly; but I found none of it in Au-

vergne, Velay, or theVeronefe or Viccntine vulcanic hills.

Monte Gaftello, or the Caftle Hill, near Baon, at the fouth-

eaft fkirt of the Euganean hills, and about half a league

from Efte, affords another vulcanic concretion of a very

remarkable ftruaure. This hill is moftly formed of huge

oval and laminated malTes''^^, of various fizes, confufedly

concreted together, like a pudding ftone, but in a vulca-

* nic matrix, confifting of a fort of dark-brown ftone, with

angular /^/)//// in it of a dingy-whitifti colour, and vifibly

manifefting an affinity with the ordinary granite of the

other neighbouring hills ;
and perfeaiyTimilar to the fi-

gured maffes concreted withdt. In other parts, and par-

- ticularly at Monte Galda, a fmall ifolated elevation in the

plain of Padua, between the Euganean and Vicentine

hills, I have found thefe laminated maffes of a fpherical

figure, in a broken cavity of a mixed vulcanic and ma-

xine hill of Monte Galda,:I faw a group of thefe laminated

xound balls regularly placed one above the other, and

(a) Fig. 4.

perpen-
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perpendicularly, in columns, as it were. The annexed

gure though Iketched chiefly from memory, may ferve

to give fome idea of this phaenomenon. I have often ob-

fervedthe granite, of theEuganean hills particularly,^ af?

feding fuch orbicular and laminated forms ; as may be

feen in the figure <'?>'reprefenting a perpendicular fedtion

ofa fimilarbank in thefe hills. Indeed, from this and other

fa6ls, which I have occafionally mentioned in the courfe

ofmy paper, there feems to be a flrong analogy between

granites and many particularvulcanic concretions. Ano-
ther of the Euganean hills, called Monte Uliveto, or the

Mount of Olive Trees, near Teolo, is chiefly compofed of

a confufed aggregate of fmaller globular vulcanic balls,

which are rather folid than laminated, and of a hard fer-

ruginous fubflance, of a dark-brown colour, much re-

fembling fome common ferruginous geodes I have feen.

The annexed figure reprefents a group of them. This

may fuffi.ee for a fpecimen of the more curious vulcanic

productions of the Euganean hills, and united to the ob-

fervations before made, may perhaps fhow, how little we
are acquainted with the ftruCture and relative phaeno-

mena of vulcanic bodies in general. I fliall not enter

into any account of other more common productions of

this kind
; and fliall only mention, that, during my fum-

mer’s refidence at the baths of Abano, I made a collec-

tion of the Euganean lava^ which is now in the public

mufeum at Padua. Since fuch productions are rather cal-

culated to illuflrate the phyfical topography of the coun-

iP) Fig. S- ii) Fig. 6. {r) Fig. 7,

VoL, LXV, G try
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\rj to vv^hich they belong, than to adorn a cabinet,' they'^
muft be more ufefal upon the fpot, than they polhbly
can be elfewhere; which confideration will, 1 hope, ferve
as my apology for not having tranfmitted them to the So- ;

ciety with the.other fpecimens. It feems rather extraor- •.

(Unary, -that fo curious.a tract as that -of the Euganean-.
hills, which differs from all .others in Italy, fliourd have,
remain.ed fo longunknown, efpecially being, in the neigh- .

bourhood of frequented baths, and a celebrated univer-
fity. For though baccius, in his book De T’hermis, fup-
pofes fubterraneous fire, to account for the heat of the.,
waters of Abano, and alfo mentions pumice hones about t

the baths there; yet he means only the porous and cal- .

careous concretions formed by depofition from thofe wa-r
ters; nor does he feem to. have been at all acquainted j

with the indifputable vulcanic phaenomena, which the :

adjacent hills in plenty afford. Nor does vandell i en-'’
ter into any obfervations of this kind, in his more mo- -

dern and exprefs treatife Be ’l^bermis Pativinis'^ ifwe ex- -

cept the mention of. the foITiI glafs of Val San Zibio, .

which he feems to have firfl obferved. I therefore hope, ,

that the foregoing obfervations will be the more accepta- •

ble. .It appears alfo from hence, if I miftake not, that the
Venetian territory in general abounds full as much with
vulcanic phaenomena, as any other part of Italy. For, .

befides my obfervations in the Paduan, Veronefe, and
Vicentine teyritories, I have feen lava^ in the public mu-~.
feum at Padua, from the Brefcian hills

; and have obferv-
cd luv^ pebbles iii quaiitity in the beds of the rivers

flowing



I 43 ]

-'flowing from the mountains of Friuli. I therefore doubt:

.not but thefe provinces alfo abound with vulcanic phae*-

Homena, though I have never had an opportunity to vh
lit them. I mention thefe circumftances more willingly,

lince it has been generally imagined, that the northern

parts of Italy contained few, if any, fuch produdlions.

They are, however, not only full as common, but, if I

miflake not, more inftru6tive than thofe of any other

province of that country. For, belides the phaenome-

non of Monte Roflb, on the importance of which I have

already infilled, and the other curious vulcanic produc-

tions of the Euganean hills, I muft obferve, that, from
the inordinate courfe of the Appenines in general, the

vulcanic hills of that chain afford no obfervation fo in-

terefling to phyfical geograj^hy and the theory of fuch

jihaenomena, as that before remarked of the correfpon-

dent dire6lion and parallelifm of the vulcanic and other

branches of the Veronefe and Vicentine diflri6ls. My
obfervations alfo, on the vulcanic branches of thefe dif-

trids, do not feem to agree with the celebrated Monf.

guettard’s principle, who fuppofes that all vulcanic

materials obfervable in calcareous countries are adventi-

tious; the contrary of this being indeed demonflrated

by the fadts I have advanced. Nor have I entered parti-

cularly into an account ofmy vulcanic tour in the Vene-
tian ftate, that I might not abufe myfelf of the fufferance

of fo refpedlable a Society by an uninterefiiing detail of

(s) Memoire fur la Mlneralogie d’ltaliej in the firli volume of his Memoires

fiir les Sciences et les Arts,

G 3 fadls;
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fails’^ however juftifiaHe I might have been, by the im-

portance of fome of them. For another imperfe6t bafal-

tine columnar group, of which I have allb a drawing,

exiifs near Gambellara, in the Veronefe territory, a few

miles from Montebello ; and, according to the informa-

tions I have received, they are equally prevalent in the

adjacent diftridt of Vicenza. Do6tor festari, an inge-

nious phylician of Valdagno, whofe curiolity I have for-

tunately excited in thefe matters, lately informs me, that

he has difcovered a limilar group of prifmatic cohtmns,.

in the mountains of that neighbourhood
;
and I had be-

fore been apprized of another near Mafon, not far from

BalTano, by Mr. arduini, a celebrated naturalift of Ve-

nice. I have obferved fragments of prifmatic columns,

about Mafon, but did not fee the group. When I was at

San Giovanni Illarione, I was alfo informed, that, at fome

diftance, by the tide of the torrent below, another fimilar

group exifted. Nor have I the lead: doubt of the fre-

quency of fuch phaenomena, efpecially in the Vicentine

hills, where vulcanic effedts are more common even than-

in the neighbouring territory of Verona. For of all the

numerous lines, or branches, of mountains, that diverge

from the chain of the Alps,, and interfecd:, nearly in par-

allel dire6tions, the Vicentine diftricft, there is not one,,

I believe, but what contains more or lefs lava^ and in

quantity
;
whereas many of the faid branches, in the Ve-

ronefe territory, are exclufively marine and calcareous;

efpecially in the immediate neighbourhood of Verona,

about the Val Pantena, the Val Policella, and towards

the
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tke Adige; and the Veronefe mountains, that moAly
abound with lava^ are thofe of the eaft and north-eaft

quarter, about the confines of the Vicentine territory,

in the common road from Verc_ia to Vicenza, I firfl

perceived vulcanic effedts in the environs of Caldiero,

where the hot fprings rife. The immediate hills about

them, which are ifolated in the plain, though of little

elevation, are almoft exclufively vulcanic
; as are likewife

the neighbouring points of the Alpine branches before

mentioned. None of the writers on the baths of Caldi-

ero take any notice of thefe fa6ts, though they feem al—

moft infeparable from the confideration of the origin andi

properties of thofe waters. The fame defeat is obferva-

ble alfo in the writers on the hot fprings near Viterbo,

which are in the centre of vulcanic hills, and on the other

^herm<^ near Radicofani, in the confining part of the

Tufcan flate, where, as I before obferved, vulcanic effe6ts

alfo abound,. This neglect indeed is but too common to=

other writers- on T^hernue and mineral waters in general

;

phylical topography feldom farming a part of their in-

quiries, however pertinent and even necelTary in itfelf.

Having often had occafion to fpeak of Abano in the

eourfe of this paper, I cannot conclude it without men-
tioning an extraordinary phaenomenon in, the animal

kingdom, which is obfervable there. Notwithftanding

the heat of thofe waters, in which Fahrenheit’s thermo-

meter rifes to eighty-eight degrees, a particular fpecies of

buccinum breeds and lives in them, and is found in great

plenty. It is of the fluviatile kind, and feems to be pe-

culiar
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*culiar to tliefe waters, having never feen nor heard of

•them in any others. They are remarkably fmall, fcarcely

exceeding, a line or two in length, and are perhaps the

fmalled: univalve or teftaceous animal of any fuch kind

hitherto difcovered. It.is mentioned and figured by van-

•DELLi in his treatife 'fhermis Patavinis\ but the fi-

gures are not good, and much too large; as may -be feen

,by the original fpecimens herewith fent.

Such are the obfervations, which I have the honour

to prefent to you, sir, and to the other learned members

of the Royal Society upon the prefent occafion. I fhall

.think myfelf very happy if they afford any fatisfaiiion;

and more particularly fo, fhould they be found condu-

xive to the advancement of fo interefting a j:)rovince of

-Science as that of Phylical Geography, which being

grounded upon fa6ts, that require obfervation, feems hi-

therto to have fuffered for the want of it. If, contrary to

the common opinion, I have infilled on the local origin

of moft vulcanic tra61s, it may further be confidered, that

this feems full as confiflent with the principle of their

.origin, as it is agreeable to the ph'^nomena themfelves.

For fire not only. penetrates, pervades, defiroys, and new
modifies the texture of the molt folid bodies

;
but is alfo

often generated in thefe bodies, without the previous in-

tervention ofother fire
;
which coiifideration alone might

lead us to the opinion I have advanced, were there not

fuch evident proofs in fupport of it. Thefe will, I hope,

receive a llronger confirmation from a more particular

^account of the vulcanic phaenomena of Auvergne and

Velay,
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Velay, wKidi I propofe myfelf the honour of prefenting =

to the Society upon a future occafion. In the mean time
"

Ijam, with great refpe6t and eflieem, sir,

. Your mod: obedient

and very humble fervant,

JOHN STRANGE.-

P'. S. Since the termination of the foregoing paper, I

am informed by Mr. Charles hay, of Brecknock, in
‘

South Wales, that the prifmatic bafaltine columns of '

Towen before mentioned were a6tually brought from-

Cader Idris, at the top of which mountain there are pro- ’

digious quantities of them, which are totally different ^

from the rocks around them. This information Mr. hay '

has lately received- from a perfon informed ; having ’

obligingly made the inquiry at my requeft. I may, per-'

haps, be enabled hereafter, through the fame channel, i

to tranfmit to the Society a more particular account of

thephaenomenon
;
prefuming, that, infome part or other

of Gader Idris, thefe columns form a regular gr.oup^ as -•

they commonly do in -other places ,
•
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!HI. An Inquiry to ^fhow^ what was the ancient Engli£ti

Weight and Meafure according to the Laws or Statutes^

^rior to the Reign of Henry the Seventh,

Redde, Nov. 24,'r

^ Conqueror, by his char-

V V ter, confirmed to the Englifli all their

ancient laws, with fuch additions or alterations as he made
therein, to their advantage. The 57th claufe of that

charter is, De menfuris et ponderibus, Et quod babeant

per univeifum regnu7n^ menfurasfideliffimas etjignatas^

et pondera Jideliffima et fignata ftcut boni prdedecejfores

Jiatuerunfy From this claufe it feems clear, that

kingWILLIAM ordained, fealed ftandards both of weights

and meafures, to be made, fuch as his predeceflTor king

EDWARD had ordained. Neither weights or meafures are

here deferibed particularly
;
but the fubfequent fiatutes

^define them more plainly. And the Chronicon Pretiofujn

tells us, that from hiflrorians it appears, the Conqueror

determined what the weight of the flerling penny, or

penny weight, fhould be, to weigh 3 2 grains dry wheat.

Confequently the ftandard penny weightwas made equal

to the weight of 3 2 grains wheat. Succeeding kings

confirmed william’s charter; and even the great charter

granted by king John., is only to explain and reftore the

ancient
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ancient laws, which had been infringed. The ItatnteSv.

of 5 ift of HENRY III. and 3 ill of edward i. explain the

ancient weights and meafures ; that is to fay, the Englilli

penny called a fterling, round without clipping, was to

weigh 32 grains dry wheat, taken from midft of the.

ear, and 2 o of thole penny weights were to 'make an

ounce, and 1 2 ounces a pound
;
and 8 of thofe pounds

were to be a gallon of wine, and 8 of thofe gallons to

make a London budiel, which is the -^th part of a quar-

ter. The definition of the pemry weight in thefe ftar

tutes agrees with the determinationof william the Con-
queror, and fiiows the legal weight contmued the fame..

What the weight of that pound was, fo raifed from a

penny weight, equal to the weight of 3 2 grains of wheat,,

we may clearly learn from that declaration in the L8th

of HENRY YiiL. when he abolillied that old pound, and,

ellablifhed the Troy weight; which fays, that the Troy

pound exceedeth the oldTower pound by ^ of the oiuice.

.

As the Troy pound eftablifhed by henry viii.isthe fame

as is now in ufe, confifting of 5 7 6 o Troy grains, and 4 8 o

grains to the ounce, and 1 2 ounces to the pound : fo 360;

grains is | of the ounce, which, deducted from 5760,,

leaves 540 0 Troy grains,, equal.to the weight of that old

Saxon pound, which lie abolhired. But to trace out

experimentally the weight of that penny weight, raifed

from, 32 grains of wheat, I got a fmall fample of dry

wheat of lafh year 1773, (the wheat of that year but or-

dinary); and, from a little handful taken therefrom, L,

told out juft 96 round plump grains, dividing them into?>

Vol. LXV.. H: parcels
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parcels of 3 2 grains each, and all three treighed exa6l

2 2jTroy grains
;
confequently, 240 fuch penny weights,

which the old pound conlifted of, were equal only to

5400 of our prefent Troy grains, conformable to the de-

claration of henry viii. _ Thus the weight of that old

pound is clearly afcertained to be lighter than the jrre-

fent Troy pound by | of an ounce
;
and it clearly fhews,

they were two different weights. By thofe ftatutes of

HENRY III. and EDWARD I. it is faid, that 8 pounds were

to make a wine gallon, and 8 of thofe gallons to be a

bufhel, and 8 bulhels a quarter; confequently the wine

and corn gallon were one and the famemeafure. Thefta-

tute of the 1 2th of henry vii. fays, the gallon meafure

was to be 8 pounds of wheat, which afcertains what was

to be underftood by former ftatutes, and is confonarit to

reafon, to fix the meafure of wheat by its own weight,

not by that of wine, as wheat was an article of greater

importance to the community to afcertain its meafure

than wine
; and a gallon meafure to contain 8 pounds of

wheat, muft be ^ part larger in cubical contents than a

meafure to contain 8 pounds of wine. As it appears

by 'the charter of william the Conqueror, that there

were fealed ftandards made of weights and meafures, we
cannot doubt, but they were preferved and kept in the

king’s exchequer, for legal ftandards
;
and as feveral fta-

tutes dire6l their being made of metal, they were perma-

nent and certain, whereby to make more: which henry
Vn. exprefsly tells us he pracftifed, by making new ac-

cording to the old; fo that there could be no need to re-

cur-
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ciir to 3 2 grains of wheat, much lefs to 7 6 8 o, every time

new ftandards were to be made, unlefs we fuppofe onr

anceftors defective in common fenfe. Whenever, by

new ftatutes, frelli ftandards were directed to be made^

we may obferve, the aiiize of weight and meafure coi\-

tiimed uniformly fixed and defcribed to be one and the

fame, to drew there was no alteration made or intended.

And thus, by the laws of Affize, from william the Con-

queror to the reign of henry vii. the legal pound weight
continued a pound of 1 2 ounces, railed from 3 2 grains

of wheat, and the legal gallon meafure invariably to con-

tain 8 of thofe pounds of w^heat, 8 gallons to make a

bufliel, and 8 bufliels a quarter; the bulhel, therefore,,

contained 64 of thofe pounds of wheat, and the quarter

512 pounds. Thefe were the legal weights and mea-

fures for common ufe, during that period. The firft al-

teration, really made therein, was in the 1 2th year of

HENRY VII. as will be mentioned hereafter. That the

laws of Aiiize were often infringed, is very evident from

the frequent complaints,mentioned in cotton’sAbridge-

ment of the Tower Records, again fl the king’s purveyors

;

particularly in the 14th of edward hi. for remedy

againft outrageous takings of purveyors; and in the 4 5th

of EDWARD III. that the king fhould be ferved by com-

mon meafure\ and in the 3d of henry v. that the king’s

purveyors do take 8 buPoels of corn onfy, to the quarter

flriked. The general anfwers whereto were, that the fta-

tutes fhould be obferved. It appears alfo, that others in-

fringed the laws of affize. For the Ratute of 27th of

H 2 EDWARD'
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iEDWARD III. fays, Some ‘merchants bought Avoirdujx)is

merchandizes by one weight, and fold by another; which

plainly implies, they bought by fome weight heavierthan

.the legal, and fold by the legal weightwhich was lighter;

for it is rather too abfurd for fuppofitionto imagine, they

bought by a light weight, and fold by a heavier. The
ftatute, therefore, to inforce obfervance of the law^s of

aflize, only wills and eftabliflies, that there be, one weighty

one meafure^ and one yard^ through all the land. This can

be underftood to mean no other, than the legal aflize,

which preceding fliatutes had enabled. And farther,

in the reign of henry vi. we fee that buyers of corn,

'bought by a veflTel, called a fatt, of 9 bufliels, which con-

tained 7 2 gallons ;
and like thofe merchants before men-

tioned in the ftatute of EDWARD III. we may prefume they

fold by -another meafure, the legal quarter of 8 bufliels,

containing but 64 gallons : for the ftatute of 9th henry
VI. forbids the buying by that veflel, called a fatt. The
prohibition implies the illegality of the veflTel and its ufe,

and implies alfo the inforcement of the laws of aflize.

Taking therefore all the feveral ftatutes together, in one

conne61:ed view, thofe that fix the laws of aflize, with

thofe to reform abufes committed again ft them, we are

led to conclude, thofe laws of aflize continued uniformly

one and the fame, till henry vii. altered them. Having

thus fliewn by thofe laws, that the old pound weight

was a Saxon pound of twelve ounces, raifed from 32
grains of wheat, and was equal only to 5400 of our pre-

fent Troy grains; and that the meafure of capacity was

a gallon.
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a gallon, to contain 8 of thofe pounds of wheat, atid S

of thofe gallons made a bufhel : I fhall now endeavour’,

by help of figures, to demonflrate what was the cubical

contents both of the gallon and bufhel meafures.

We know, the prefentTroypound confifls of 5 7 6oTroy

grains, and that 7 o o o of thofe Troy grains are equal to the

prefent Avoirdupois pound of 1 6 ounces, and that 5400
of thofeTroy grains are equal to the old Saxon pound of

1 2 ounces; confequently, the old Saxon pound was.-|^

of the prefent Troy pound, and the old Saxon pound was

II of the prefent Avoirdupois pound. We know, mo-
dern experiment hath proved the weight of 1728 cubic

inches of wheat, common fort, to be 47 1 pounds Avoir-

dupois
;
and of a better fort, to weigh from 48-I to 48I

pounds Avoirdupois, the difference in their weight is not

very great; however, I will take the lowefl weight to

compute by, the 47 1 pounds Avoirdupois, which, in

Saxon weight, is 6 1|| pounds Saxon. And then I fay, as

6
1 II pounds Saxon : 8 pounds Saxon :: 17 28 cubic inches

: 224I cubic inches, for contents of the old Saxon gallon

for wine and wheat. But as the old flandard wine gal-

lon, kept at Guildhall, and found there in 1688, proves

to be 224 cubic inches contents, there is reafon to con-

clude it to be of the fame flandard aflize, as was the ancient

Saxon gallon for wine and wheat : for, as 1 7 2 8 cubic in-

ches : 2 24 cubic inches :: 6 1||pounds Saxon : 7|| pounds

Saxon, which is about 4} penny weights fhort of the 8

pounds, mentioned in the flatutes for the gallon to con-

tain, and is fuch a fmall difference, as may arife in diffe-

rent
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rent years, in the weight of fuch a quantity of wheat.

The very near agreement of thefe computations, gives

us fufficient realbn to conclude, that the old ftandard

wine gallon, of 2 24cubic inches contents, found at Guild-

hall in 1688, was of fame ftandard aflize, as was the an-

cient gallon meafure ordained to hold 8 Saxon pounds of

wheat; and of courfe then, the hufliel meafure mud; have

been 1792 cubic inches contents, which will aj^pear t®

hold nearly 64 Saxon pounds of Avheat, as by thofe old

ftatutes it ought to do. For, as 1728 cubic inches : 1 7 9 2

cubic inches :: 6 pounds Saxon ; 63^^ pounds Saxon,

which is only about an ounce and three quarters fhort of

64 pounds; and in fo large a quantity of wheat, is a

trifling difference, naturally arifing in weight of wheat

of different years. Thefe demonflrations, by figures,

fufficiently prove, what the cubical contents of thofe an-

cient Englifli meafures muff have been, according to the

old ftatutes of aflize ; that is to fay,

The gallon meafure, 224 cubic inches contents, to hold 8 pounds Saxon.

Thebuftiel, 1792 ditto, 64 ditto.

And as 8 bufliels made a quarter, the quarter contained

512 Saxon pounds of wheat. Thefe were the ancient

legal meafures, according to the old lav-s of aflize.

It now remains to mention the particular ftatute of

the 1 2th of HENRY VII. under which, an alteration was

brought about in thofe ancient weights and meafures,

without feeming to intend it
;
as the ftatute itfelf differs

not in fubftance from the other old laws of affize, except

- calling the pound by a new name,Troy . But previous

thereto,
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thereto, it may be neceffary to obferve, that very proba-

bly, the unfettled flate of the kingdom for many years

preceding, might pave a way to that alteration. There

had been feveral contefts about the crown, between the

two houfes of York and Lancafter, till henry vii. by

conquelf
,
mounted the throne

;
and in fuch times ofpub-

lic difturbance, the laws of aflize were more likely to be

infringed, than well kept. For, after henry vii. was

well fettled on his throne, we find complaint was made

in the nth year of his reign, that the laws of afilze had

not been obferved and kept. Whereupon he made frefli

ftandards of weights and meafures, and fent them to the

feveral fhires and Towns in the kingdom. But in the

very next year (the 1 2th of his reign) there came out that

particular ftatute, underwhich, the weights and meafures

were altered. Reciting, that the king, in the former year,

had made weights and meafures of brafs^ according to the

eld fiandards thereof remaining in his treafury-^ which

weights and meafures are faid, on a more diligent exami-

nation, to have been approved defective. It is not faid,

whether they were the old flandard weights and mea-

fures, or the new ones, made in the former year, that

had been approved defecftive ; nor how much they were

fo: all this is left to conjecture. Therefore we may,

with great probability, conjecture, they were not defec-

tive in refpeCt to their old original flandard ; but only in

refpeCt to the heavier new Troy pound, intended to be

then introduced. And what warrants fuch conjecture is,

the exprefs declaration of his fon henry viii. when he

I abolifhed
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abolifhed the oldpound, in the 1 8th of his reign, and eila-

hliflied the Troy; for he then declares, the Troy pound
exceedeth the old pound by | of an ounce. This fets the

matter in a clear light, and fhews what the two weights

were,, and what the difference between them. Hence

then, there can be no doubt, but henry vii. altered the

oldEnglifh w^eight, and introduced a heavier Troy pound,

tliat exceeded the old one by | of an omice
;
and although

none of his ftandard weights have come down to us, yet

his brafs bufliel meafure, with his name upon it, was

found in the Exchequer in 1688, and proves to be 2 145
cubic inches contents ; from which we may form conclu-

ffons,both on his weights and meafures, fufficient to con-

vince us, that he altered both. That his bufliel was a

meafure of 9 gallons infteadof 8,,andthat his Troypound

’vvas ~ part heavier than the old Englifh pound, which

was raifed from 3 2 grains of wheat. Experiment hath

proved, that a meafure of 1728 cubic inches of wheat,

will weigh from 474 to about 48^ pounds Avoirdupois;

but fuppofe it be only 47I pounds Avoirdupois, that, in

Troy weight, will be 584^ pounds Troy. From hence

we may ealily find the. weight of wheat that 2145 cubic

inches will contain. For, as 172 8 cubic inches : 2145
eubic inches :

: 5 8^46 pounds Troy : y 2
.

pounds Troy , the
•

weip'ht of wheat that henry viith’s bufliel would con-o
tain. And dividing the 72 by 8, the number of pounds

limited by the ftatute to a gallon, it proves henry viith’S

budiel was a meafure of 9 gallons inftead. of 8; and as

8 bufhels made a quarter, then.the quarter, contained 7 2

gallons..
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gallons; this feems to correfpond with the number of

gallons contained In the velTel, called a fatt, the ufe of

which was prohibited by ilatute in henry vith’s time,

about 6o years before henry vii. as hath herein been al-

ready remarked. If we divide the 2145 cubic inches

Contents of the bufliel, by 9, the number of gallons it

contained, it fliew's the gallon meafure to be 238j cubic

inches contents, which is 4^
part larger than the old Saxon

gallon of 224 cubic inches, juft in the proportion as the

Troy pound is ~ part heavier than the old Saxon pound.

The ftatute limits the gallon to hold 8 pounds Troy of

\vheat; and fo w^e find the gallon of 238} cubic inches

will do : for as 2 1 45 cubic inches : 2 3 8j cubic inches 1: 7 2

pounds Troy : 8 pounds Troy. But if it be faid, the fta-

tute limits the bufliel to 8 gallons, not 9, then the gal-

lon meafure muft have been 268^ cubic inches contents,

and would hold 9 jioundsTroy of wheat, though the fta-

tute fays it was to hold but 8 pounds Troy. Take it

eitherway, it flie^vs that the bufliel was not made accord-

ing to the ftatute; it held 7 2 pounds inftead of 64 pounds.
And upon the w^hole it clearly proves, that henry vii.

altered both the weights and the meafures ;
that he intro-

duced the Troy pound, w'hich was heavier by | of an

ounce than the Saxon or old Englifli pound; and that

his bufliel meafure was about |th part larger than the

ancient Saxon or old Englifli bufliel meafure. The
firft ftatute that directs the ufe of the Avoirdupois weight

is, that of the 24th of henry viii. which plainly im-

plies it was no legal weight, till that ftatute gave it a le-

VoL. LXV. I gal
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gal fan^lion
;
and the particular ufe to which the faid

weight is there directed, is limply for w'eighing butchers

meat in the market. And it is note-worthy, that in all

the old ftatutesof affize prior to henry vii.the legal gal-

lon meafiire of capacity is founded on 8 pounds, raifed

.from the weight of 3 2 grains of wheat, and by that fta-

tute of 1 2th HENRY VII. the gallon is to contain 8 pounds

Troy ; therefore, thefe two forts of weight were the only

ones eftabliflied as legal by the ftatutes
;
and both are a

lighter weight than Avoirdupois. How, or when, the

Avoirdupois weight came firft into private ufe is not

clearly known to us
;
but this feems clear, that no ftatute

before the 24th henry viii.hath given it any legal fane-

tion.

IV.
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IV. ^beDefcription ofan Apparatusfor impregnating Wa-
ter withfixedAir \ and oftheManner ofcondudiing that

Procefs, By John Mervin Nooth, M. D. F. R,

Reekie, Dec.
|
'^HE poliibility of impregnating water

^
^ A with fixed airwas no fooner afeertained,

by experiment, than various methods were contrived to

effe(5l the impregnation. The ingenious Dr. priestley,

however, is the 6ply one that has publiflied any deferip-

tion of an apparatus, calculated intirely for this purpofe.

This apparatus was communicated to the public, with the

view of promoting the difeovery of the medical effe61s of

fixed air united with water; and, in confequence of this

communication, fome very fuccefsful attempts have been

made in the cure of difeafes. The experiments, however,

have not been fo numerous as one could have wifhed

;

perhaps the difficulty in condudling the procefs, in the

manner propofed, has been, in fome meafure, the reafon

why fo few experiments, on this fubje61, have beenmade
public. For although, in the hands of the do6tor, the ap-

paratus was fufficiently convenient, it mufi; be confeflhd,

that the conducT of the procefs required more addrefs

than generally falls to the lliare of thofe that are unac-

cuftomed to fuch experiments. Independent too of the

inconveniences attending the procefs, there was another

1 2 objedliori
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objedlion to the apparatus, which, with moll people,

might have conliderable weight. The bladder, which

formed part of it, was thought to render the water offen-

iive ; and when the folvent power of fixed air is confi-

dered,k will not appear improbable, that the water would

be always more or lefs tainted by the bladder. In fome

trials which I made with Dr. Priestley’s apparatus, it

always happened, that the water acquired an urinous

flavour; and this tafte in the water was, in general,

predominant that it could not be fwallowed, without fome

degree of reluctance.. The difficulty, therefore, in the

condu6l of the procefs, and the offenfivenefs of part of

the apparatus, made fome lefs exceptionable method of

producing the impregnation defirable. This I varioufly

attempted, keeping convenience and cleanlinefs con-

ftantly hi view; and I flatter myfelf, that I have at lafl’

contrived an apparatus that will perfectly anfwer the in-

tended purpofe. It is now tw^elve months fince this con-

trivance has been in conftant ufe
;
and hitherto there is

no reafon to wifli for the leafl alteration. Prefuming,

therefore, onthe poffibility of its becoming, whenknown,
extenfively ufeful, and convhiced of the favourable re-

ception which every attempt of this nature meets with

from the Royal Society, I beg leave to communicate to

them a defcription of the apparatus that I have invented^

and of the manner of conducting the procefs..

DESCRIPTION
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--^DESCRIPTION OF THE APPARATUS;

which is of glafs, and conhfts of three veiTels as (A^.

B, C), fig. I. 2. 3. The glaflTes are. accurately fitted to

each other, and at the joints are impervious both to air

and water. The glafs (A) is defigned for the effervefcing

fubftances.. The vefiel (B) is to contain the water that

is to be impregnated with air. In the lower part of the

glafs (B) is placed an ivory valve, furrounded with cork,

as in fig. 4. The cork (a).h fitted to the bottom of the

glafs (B), and has through it an hole, to receive the part

(b) oi the ivory valve. On the broader part of this piece,

(.b) is placed a moveable piece (c),. The furfaces of thefe

pieces are fo accurately ground, that, when applied to

each other, no fluid whatever can pafs between them.

The moveable part (c)\% fecured on the part (b) hy the

cover which is fo conftmcfled, as to allow the piece.

(c) fome motian, and this cover has likewife holes to

give paffage to the air that fliall raife the moveable piece.

[c). The glafs (,C) ferves two purpofes; it confines the.

air on the furface of the water in.(B), and at the fame,

time prevents all danger, of explofion by allowdiig the.

water to give place to the afeending air..

THE PROCESS,.

As chalk and oil of vitriol are capable, of producing

the defired efFervefcence,,and are the mofl: eligible on ac-

count of their cheapnefs, I fliall, in deferibing the pro-

cefs, mention only thefe two ingredients. Variety of other

fubftances
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•fubftances may, however, be employed for the fame pur-

pofe
;
but none, perhaps, are fo unexceptionable as thofe

I have named. In the other acids a proper degree

of fixity is wanting, during the effervefcence
; the ni-

trous and marine have fo much volatility that there is

always a rilk of fome ofthe acid fumes palling the valve,

and thus rendering the water acid, which it was intended

to impregnate only with fixed air. To begin the pro-

cefs, it is neceflary to fill the veflel (A) up to the dotted

lines, with diluted oil of vitriol. By confining the height

of the furface of the effervefcing mixture to the dotted

lines in the glafs (A), none of the acid will be driven

through the valve, during the intumefcence that at-^

tends the efcape of the fixed air. The glafs (B) is to be

•totally filled with water, and the veflel (G) is to be put

on it. Some powdered chalk is then to be thrown

into the glafs (A), and the velTels are to be imme-
diately placed as in fig-. 5 . except that the ftopper be-

longing to (C) is to be left out. When the acid, in the

dowermofl: veflel, a<51:s on the chalk, the extricated air

pafles the valve in the middle glafs; and as the con-

fl;ru<5tion of this valve allows the fixed air from the effer-

vefcing fubftances to pafs, but denies a paflage to the wa-

ter in a contrary dire6tion, the feparated air afcends to

the upper part of the middle glafs, and at the fame time

a portion of water, equal in bulk to the intruding air,

pafles up the bent tube into the uj^permoftvefTel. As the

effervefcence goes on, the fixed air continues to accumu-

late in the middle veflel, and the uppermofl; one to be

fiUed
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fiUed with the water that has given place to the air. The -

quantity of chalk to be thrown into the acid at one time,,

mull be determined by the capacity of the uppermoft

vefleL Should more air be extricated than is fufficient,
,

in the conduct of the procefs, to fill that vefiel, the wa-

ter will run over the top of it, and will continue to run

as long as-any air afcends in the middle vefiel, or till the

furface of the water is below the extremity of the bent

tube. Botlrthefe accidents are to be carefully avoided;

as in one cafe, the whole would be wet and difagreeable

;

and in the other, a quantity of fixed air would be unne-

cefiarily loft. Half a dram of chalk will, in general, pro-

duce air enough to fill the uppermoft veflTel with water;,

and it muft be remembered, that the chalk employed to

produce the effervefcence, fliould be finely powdered, as

a felenitic cruft will otherwife form around it, and thus

prevent the action of the acid on the interior part. To
keep the neck of the glafs clean, throughwhich the chalk

is put, it will be necefiary to include the chalk loofely

in paper ;.and this circumftance is by no means to be neg—

ledted, as the accurate jundtion of the glalTes depends on

it, and confequently the whole of the procefs. , When,
the uppermoft vefieL is filled with water, and there is,,

therefore, a confiderable quantity of fixed air in the mid-

dle one, thefe two vefiels are to be feparated from the

lowermoft, and the air and water are to be agitated toge-

ther, to promote their union. If, during the agitation, a

ftopper be put into the uppermoft glafs, the defcent of.

the water in it will not Ihew the abforption of the fixed
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ZiiY by the water, as the external atmorphcrical air will

•enter below, at the valve, to fill the Ipacc which tlie ab-

Ibrbed fixed air would otherwile leave void. But, on the

contrary, if the uppermoft vefiTel be open, during tlte agi-

tation, the prelTure of the atmofphere on the furface of

the water in that veflbl, will force the water down into

the middle one, as fafi; as the abforption of the fixed air

below will allow it room. This latter method mav be

}>urfued, when a perfon wifiies to know the quantity of

fixed air that the water can abforb; but in common ufe,

It will be better to itop the uppermoft veliel, as the air

and water may be then more forcibly agitated without

inconvenience, and of courfe, the impregnation more ex-

peditioufly efTe6ted. During the effervefcence, the up-

permoft glafs is tc remain open, and it is only to be ftop-

ped w'hen the agitation is performed. It is not to be

expecled, that the impregnation will be confiderable at

firfi; it will indeed be neceflliry to repeat the procefs,

wdth the fame water, four or five times, before it will be

highly imi3regnated. After an agitation, therefore, when
a ffronger impregnation is Avilhed for, the uppermoft vef-

fel is to be opened, and raifed from the middle one, to al-

low the water to defcend, that was before driven up.

When the middle glafs is again full, a frefli quantity of

chalk is to be put into the lowermoft velfel, and the agi-

tation to be repeated, as'foon as the effervelcence ceafes.

It is feldom neceifary to repeat the procefs more tlian

four times, to produce a very flrong impregnation; but

fhould it be thought proper, to have the tvater as highly
^ faturated

I
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faturatedwith fixed air as it admits of, nothingmore than

a repetition of the fame procefs is requifite. In this;'

account ofthe apparatus, I have purpofely confined my^
felf to the method of uniting fixed air with water; but it

is to be obferved, that many curious experiments may be

made with it, both in chemiftry and pharmacy. By its

afliftance, I have been enabled to imitate very perfe6tly,the

common mineral waters, and to make aqueous folutions

of fubftances thatwere before deemed infoluble in waterr

Thefe circumftances, however, I fhall referve for a future

paper, which I fliall have the honour to present to the

Society, as I have not yet been able to arrange the feve-

ral fa6ts, which this apparatus has made me acquainted

with, in the manner I could wifh.

POSTSCR IPT.

SINGE the foregoing paper was read, I have con^

trived a glafs valve, w^hich feems preferable in fome re-

fpe6ts to the ivory one therein defcribed. The following

is a defcription of it. It conlifts of three pieces, as in fig,

7. The fuperior and inferior pieces are perforated

j

but the middle one is without perforation, having only

its upper part convex and its under part plane. In fig.

8. is a perpendicular fedtion of the three pieces com-

pofing the valve, at the diftance at which they ought to

be placed, with refpedt to each other, in the tabular part

of the vefiel (B). This veflel having the glafs valve in

it, and filled with water, is to be put on the glafs (A),

VoL. LXV. K con«
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contaimng fubllances in the adl of effervefcence. In that
cafe, Ae extricated air will afcend through the perfora-
tions in the fuperior and inferior pieces, fhe middle one

vSd m fh
^ -0-"

rtip • r
^'trrent of air rulhing upwards; but when

.
e air ceafes to afcend, and the prelTure of the waterabove takes place, the middle piece will prevent the wa-

ter from defcending, its plane furface being then applied
to the plane furface of the piece below it. ThusfsiR,
this glafs valve will anfwer in every cafe where the ivory

will undoubtedly prove preferable, particularly when
corrofive fubftances are fubjefted to experimenri

V. Account
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V. Account of a Mujtcal Injlrumtnt^ which was brought by

Captam Fourneaux from the IJk of Amfterdam in the.

South Seas to London in the TeaY 1774, andgiven to the

Royal Society. By Joflma Steele, Efq^uirCy in a Letter

to Sir John Pringle, Bart. P, R. S,

TO SIR JOHN PRINGLE, BART. P. K. S.

Margaret-Strcet, Cavcndifli-fquarc,
® R> December i, 1774.

Redde, Jan. 22, A GPvEEABLE to Your rcqucft, I have

examined the curious fyftem of pipes,

broughtby Captain Fourneaux from theSouth Seas. The
refult of my experiments are h^ewith inclofed. The
inftrumentwas fo new to me, that ! fliould be forry its re-

putation fliould reft intirely on my report, as I think an

expert blower of the German flute might make further

difeoveries; towards which, my bbfervations, whether

perfecftly accurate or not, may in ibme meafure ferve as a

guide. The accident of a flat third, coming in the fteadof

a fharp one, from the pipes 6. 7. 8. and 9. is fo extraordi-

nary, that I fufpedted, for fome tihie, the loweL (or fun-

damental) tones of thofe pipes w^ere a quarter tone (or

diejis

)

lower than I have marked them ; but, after repeat-

ed trials, and by the belt judgement I could form by my
^ar, and by comparifon with another inftrument, I gave

K 2 up



up that flifpicion;

and being con-

firmed in the o-

pinion, that the

moft acute tones I

could obtain from

thofe four pipes,

were minor thirds

to the moft grave,

I have ventured

to mark thei;n fo.

The reafon why
there was room
for my doubt a-

bove mentioned

is, becaufe the

difference of hot-

ter or colder,

moifter or dryer,

has a fenffble ef-

fect on the acute-

nefs or gravity of

the tones.

I am, SIR, tt^ith

great regard,

Your moft hum-*

ble fervant,

JOSHUA STEELE,
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Explanation of the fyftemof mufical pipes, brought from

the Ifle of Amfterdam in the South Sea, by Captain

Fourneaux, to London, 17 74, from experiments

made by Mr. steele.

The manner of blowing thefe pipes, in making thefe

experiments, was the fame as people ufe to whittle in

the pipe hole of a drawer key. Of the tones, mark-

ed on the drawing, the upper feries, which are exadt

fifths to the lower, are eafiett produced by an unex-

perienced perfon ;
and the lower feries, which we will

call fundamentals, with fomewhat more addrefs and a

weaker blatt. Befide the above mentioned tones, if the

velocity of the breath be increafed a little, the five firtt

pipes will give o6taves to the fundamentals
;
and if far-

ther increafed, fliarp thirds, or tierces, above thefe oc-

taves. In the pipes 6. ,7. 8. and 9. I could neither

make the odfaves to the fundamentals, nor the ttiarp

tierces ; but in their ttead, the minor, or flat-third, above

the octtave came, when the breath was urged beyond the

degree requilite to produce the fifth. This minor third

is an accident out of the natural order of tones produced

from Ample tubes, which I do not pretend to account

for. Here following, are fet down the notes of the

feveral tones which I produced from each pipe ; but, in

order to bring them more within compafs of the fcale of

five lines, they are written an o6tave lower than they

K 3 really
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really are on the pipes. And alfo thofe tones which come
with moft eafe are wrote in minims, as

thofe in the next degree, in crotchets, as

thofe ftill more difficult, in quavers, as

and the moft difficult in femiquavers, as

I ft pipe

3d and 5th

pipes unifons

6th pipe

8th pipe

2d pipe

4th pipe

tmf

yth and 9th ^3
pipes imifons

—

Thefe tones are adapted to Englilli conjorf pitchy by the

above notes. From whence it is evident, that an ex-

pert performer may exhibit the following feries, and

perhaps alfo the odtave to the fundamentabfez: 'LV-

delicet^ p~ though I could not, which feries is fuF-

ficient for an infinite number of airs

:

m-

In this feries the notes marked in minims,, being thofe

which are eafieft to be founded, furniffi two fyftems

which correfpond with the definitions of the diatonic

2 and
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and chrom-aXicgenera^ according to Euclid, who defcribes

the diatonic in defcending, xocltx tovov, ^ Tovovy ^ ni^i\oviov ;

and in afcending, YiiKiJoviovy ^ tovov ^ tovov.

defcending, and afcending.

o ..

rt

>
<u

qj <D

g 2 -o 2
?! « g. a

^ (U
o C!

rt rt

rt
>u
cu

rt
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a
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C
rt.

CD

a.
o.
4->

rt-.

{=!

rt:

And the chromatic thuSj xoOx T^iY^fjLtjovioVy r][xilovioVy

^f^ijomyy, in. defcending; and afcending,, Vy-ijoviov,,;^.

jjjaiJoyiov,
, ^ t^iy^ixiIoviov^.

defcending* and^^^^Zgr^Vccndlng,.

U-j C/3

Q ^
r-l «
CS P> .ti

fi:

rt

CD . (U.

rt rt
Q- O.
4J 4->

•^ • rH

S 6 -

•2 2 .

M H

cd"o
•a 2
£ a^0) ^
S

<u o-

CO- T?' ^
rt' rt.

rt rt-

P rt

.2 2
'

ra=
CO

T3 'O’
rt rt.
rt rt

'

But as the enharmonic requires intervals ofthe

dkJiSy or quarter tone, and as it did not appear by thefe

experiments, that the pipes could exhibit any founds by/

fuch intervals, I conclude they are not capable of per-

forming according to the. enharmonic divilion of. the

tetrachord.

K, 4 ;
Yl\.RemarJi'S
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VI. Remarks on a larger Syjlem ofReed Pipesfrom the IJle

^Amfterdam, withfame Obfervations on the Nofe Flute,

of Otaheite. By Jofliua Steele, Efquire,

TO SIR JOHN PRINGLE, BART. P. R. S.

SIR,

Rcdde, Feb. 22,

1775 -

Margaret-ftreer,

Feb. ti , 1775.

T he notice' taken of my fmall endea-

vours, by your illuftrious Society, does

me much more honour than I deferve ; however, I re-

ceive it, as I ought, with refpedl and gratitude. I now
inclofe to you fuch farther remarks as I have been able

to make, by repeated trials, on the laft reed pipes you

brought me from Mr. banks; which, though much
larger, and more in number, are of the fame genus

with the former. I have alfo examined the nofe-flute

of Otaheite, which Mr. banks favoured me with; and I

find it gives only four founds, with the firft degree ol

breath, which are, in an afeending feries, by a femitone,

3 tone, and a femitone. Thus noted in confort-pitch.

o

>
. u
(U

<L>

d
o

<U

d
P "d

d ^ g

d
a

(D

d
o
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If urged with a ftronger breath, it will give o6taves above

thefe
;
but it then becomes ill in tune : and I underftood

from Mr. Banks, the natives of Otaheite ufe no more
than thofe firil four founds. Were I to give thefe notes

denominations according to our fyftem of mufic, they

flioiild be diltinguifhed thus,

<u
>

d
e

<u

o S ^

1111 a—X
/

Cj1
1

IQ

Notwithftanding the fmall extent of this feries, yet, by

the aid of varying the meafure, it is capable of feveral

different melodies, though the general call of them will

be melancholy. As for example,

Thefe two fpecimens of melody,

adapted to the nofe-fiute, are, harmonically, the lame,

VoL. LXV. h though
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though rhythmically different ; the latter having a de-

gree of vivacity more than the former, in proportion to

its meafure of time ; two bars of the firfl, being equal,

in length, to three of the fecond.

I am, SIR, with great regard,

Your very humble fervant,

JOSHUA STEELE.

Remarks on the larger fyflem of reed pipes from the

iile of Amfterdam.

The fpecific difference between this and the fmaller

fyflem, defcribed before, will be underftood from the

following obfervations. It confilts of ten pipes, joined

together in- the fame manner as thofe of the fmaller

fylfem. The firfl nine jhpes exhibit to the eye the

fame figure as the fylfem before defcribed in the draw-

ing; and the tenth pipe (which is the additional) is a

little longer than 4. For in this larger fylfem, N"" 8.

is thirteen inches long; N° 4, thirteen and a half, near-

ly
;
and N° i o. is fourteen inches. The founds which

each pipe exhibits eafily^ are marked in minims^ as- folr

lows, and are noted agreeable to confort pitch

:

I 4 - 5 8 . 10,

*|i

As
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As the tipper minims are fixths to thofe next tinder

them, it follows, from the law of harmonic founds, that

the lower minims are fifths to the fundamental founds

of thefe pipes, which are written in quavers, to fhew that

they are very difficult to be produced. The upper mi-

nims of N° I. a. 3. 4. 5. and alfo of 10. are fharp thirds,

or rather, major tenths, to the fundamental found of

each pipe. And the upper minims of N° 6. 7 . 8. and 9.

are nearly minor tenths to their fundamentals
; which

circumftance feems to agree with what I remarked in

the fmaller fyflem, as an extraordinary property, touch-

ing the minor thirds. t But I will not yet aflert, that

this property is altogether natural, becaufe I found fome

of thefe latter pipes were partly ohflrudted by accidental

rubbifh, which was drawn out with difficulty
;
fo that I

pretend not to decide, whether the caufe of their be-

ing, not quite, in the fame proportion of tune^ as I found

in the firfi: fyftem, arifes from fome cafual injury, or from

original intention, or original inaccuracy. X i have

faid, the upper minims of N° 6. 7. 8. and 9. are nearly

minor tenths to their fundamentals
;
becaufe, in fa6t, I

found them fomething more than minor

^

and yet not

major \ wherefore I have ufed the mark (^), of a triple

crofs, to fignify fomething more than (»^), the double

crofs ; and the mark of ( x ), a lingle crofs, to fignify a

diejis^ or fomething lefs than («), the double crofs
;
which

laft, in the modern pra6lice of mufic, always means to •

fay, plus a /emitone

^

neither more or lefs. For though

i" and % referred to from the following pgge,

h ^ the
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the nicety of the diefis is ftealing infeiifibly into the fan-

cy of fingers, and of fome other elegant mufical perfor-

mers, it is not as yet adopted, or nfed as fuch, in the nota-

tion of modern mufic. The interval between N® i . and

2. in thefe pipes, is only of two femitones
; whereas, that

between the N° i. and 2. of the former fyftem, was of

three femitones. The feries N° 2. 3. 4. and 5. and the

feries .N® 6. 7. 8. and 9. (both of which I have dillin611y

marked within bars) have fimilar intervals in both fyf-

tems (making allowance for what I have faid in page

75, t and J.) Wherefore I imagine thefe to have been

the original extent of the whole modulating 'feries, like

the double tetrachord of the Greeks, and that The N® i

.

and N® 10. are additional at pleafure; as, in the fmal-

ler fyftem, the interval between N° i. and 2. was a fe-

mitone greater than that between N® i. and 2. in the

larger fyftem; and N® 10. in the fmaller fyftem (firft

examined) was totally omitted, though 1 have feen two

others which had it. The founds in this larger fyftem

are feven tones lower tlian thofe of the fmaller, which

correfponds with the difference of their dimenfions; the

pipe N® 4. in this fyftem meafuring nearly thirteen

inches and a half in length, with diameter feemingly

proportional; whereas the N® 4. in the fmaller fyftem

meafured only feven inches and a quarter. By increaf-

ing the velocity of the blaft, I found thefe pipes gave

founds ftill higher, which \ngyq fourths above the upper

minims, or oBave and Jixths above the fundamentals;

and with a little more force, tritoneSy or fbarp fourths^

above



L. 771]
above the upper minims, which were oBave andflatfe^
tenths above the fundamentals. But thefe two (the 4th

and fliarp 4th above the upper minims) lliould rather be

conlidered as one note of latitude^ which by more or lefs

velocity, or force of breath, makes in the N° i. 2. 3. 4.

5. and 10. either a lharp 6th, or a flat 7th, to each of

the fundamentals; or in the N° 6. 7. 8. and 9. either a,

flat or a fharp 6 th,

•

'

.. 4_, _rA \o A
d,

fundamental fundamental:

N°8. N°io.

ThiS' note of latitude is common to all tubes, trum-
pets, horns, 8cc..

The following notes mark the afcending feries of

the founds of this larger fyftem, omitting the funda-

mentals, and giving only thofe which are more eafily

obtained.

The numerical figures fliew from which pipe the,

notes were produced.

N O
la,.
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7-

I o. 4. 8. 5. 9. 6. I

.

Fifths above the luppolecl

fundamentals, produced

by a gentle blafb*

3* 7-

N®i o. 4. S. 5. 9. 2.6. t.

Tierce-s, or tenths, above

the I’uppofed funda-

mentals, produced by a

Ifronger blah.

VII. JDefcriptitn
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VII. Befcription of a new Dipping-needle. By Mr. J. Lo-

rimer, of Penlacola, in a Letter to Sir John Pringle,,

Bart. P. R> S.

TO SIR JOHN PRINGLE, BART. P. R. S.

SIR,. Penfacola, Sfept. 13, 1773.

Redde, Feb. 2, T T 7HENEVER any one meets with a ter-

^ ^ rella^ or fpherical loadflone, the firR

thing he does is to find out its poles ;
and having once

difcovered them, he knows immediately how any fmall

bit of needle will be afFedled, if it is placed upon any part

of the furface of that terrella. The poles are moft readily

difcovered by trying where the filings of iron, or a fmall

bit of needle, will hand erect upon the terrella\ and this

is generally found to be upon two points which are dia-

metrically oppofite- to one another. But the magnetic

poles of the earth feem to be fituated obliquely to one ano-

ther (fee the Berlin Memoirs, 1757); but where they are

a-ftually lituated is.hitherto unknowni; whether they are

upon land or w'ater;, or in. either cafe, whether we can

come nigh to them. Yet be thefe things as they may, it

appears evident to me, that accurate oblervations, made
as near to thele magnetic poles as jwflible, with a good

dipping-
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dipping-needle, are the lureft way to complete the mag-

netic theory of this globe, analogous to the method e

purfue in examining the tcr<>^eUa. But as all the dipping-

needles which I had ieen, appeared to me to be very ill

calculated, for the fea fervice at lead, 1 contrived one

upon a different plan in 1764, and had it executed be-

fore I left England, by Mr. sissox. 1 have called it an

Lhiiverfal Magnetic Xeedle, or Obfervatir 1 Compafs;

becaufe I can by it take the dip and amplitiidc, and even

the azimuth, with only one aliilfant, to take the altitude

For me. The needle is of the fame fliape and lize nearly

as thofe ufed now for the compaffes of the royal navy,

and plays vertically upon its own axis, which has two

conical points, llightly fupported in two correfponding

hemifpherical fockets, which are inferted into the op-

jiofite fides of a fmall upright brafs paralellogram, about

one inch and a half broad and fix inches high. Into this

parallelogram is fixed, at right angles, a flender brafs

.circle, about fix inches diameter, filvered and graduated

to every half degree, upon which the needle fliow^s the

dip, by a vernier if you choofe ; and this, for the fake of

ditfindtion, I lhall call' the circle of magnetic inclina-

tion. This brafs parallelogram, and confequently the

circle of inclination, alfo turns horizontally upon two

other pivots, the one above and the other below, with

xorrefponding fockets in the paralellogram. Thefe pi-

(^a) Mr. SISSON thinks, that thefe fockets were conical as well as the ends of

the axis, but more obtufe than them ;
which feems moft likely to be the cafe, as

they feem much more likely to anfwer well than hejnifpherical fockets.

/
2 vots
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vata are fixed in a vertical brafs circle, of the breadth and

thicknefs of two-tenths of an inch, and of fuch a dia-

meter, as to allow the circle of inclination and the paral-

lelogram to move freely round within it. This fecond

circle I fhall call the general meridian. It is not gra-

duated, but has a fmall brafs weight fixed to the lower

part of it, to keep it upright; and the circle itfelf is

fcrewed, at rjght angles, into another circle, of equal in-

ternal diameter, of the fame thicknefs, and twice the

breadth, which is filvered and graduated on the upper

fide to every half degree. It reprefents the horizon, as

it fwings freely upon gimbols, and is always nearly par-

allel to it. The whole is contained in a neat mahogany
box, of an o<Stagon figure, with a glafs plate at top and

one on each fide, for about two-thirds down. That part

of the frame which contains the glafs lifts off occafi-

onally. The whole box turns round upon a ftrong brafs

center, fixed in a double plate of mahogany, glewed to-

gether crofs-ways, to prevent its warping or fplitting;

and this again is fupported by three brafs feet, fuch as

are ufed for the cafes of table knives, frofted that they

may not eafily flip, if the veffel fhould have any confi-

derable motion. It has another fquare deal box to lock

it up in, to preferve the glafs, 8cc. when it is not wanted

for ufe.

The ufe of this inftrument is very plain', as the incli-

nation or dip is at any time apparent from infpe6lion

only, and alfo the variation, if the frame is turned round

till the great vertical circle lies exadUy in the plane of

VoL. LXV. M the
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the true meridian : for the circle of inclination, being al-

ways in the needle’s vertical plane, the edge of it will evi-

dently point out upon the horizon, the variation E. or

W. But at fea, when there is not too much motion, you

turn the frame round, till the vertical circle is in the

plane of the Sun’s rays; that is, till the fliadow of the

one lide of it juft covers the other, and the edge of the

circle of inclination will then give the magnetic ampli-

tude, if the Sun is riling or fetting
;
but the azimuth at

all other times of the day, and the true amplitude or azi-

muth being found in the ufual way, the difference is the

variation. If the motion is confiderable, obferve the ex-

tremes of the vibration, and take the mean for your

magnetic amplitude or azimuth. When the Sun does

not lliine fo bright as to give a lliadow,, you can fet the

brafs circle in a line with his body, if he is at all vilible

by your eye. The principal advantage at firft aimed

at in this compafs, was to contrive a dipping-needle,

which lliould be fufficient for making obfervations at

fea. As thofe needles, to be of ufe, muft be placed, by

fome means or tether, in fuch a manner as that all their

vibrations lhall be made in the true magnetic meridian;,

North and South, otherwife they are good for nothing.

For if one of them is placed at right angles, acrofs the

magnetic line, it will ftand perpendicularly up and down
in any part of the world; the leaft dip, therefore, is al-

ways in this magnetic line. But the only method of

fetting a dipping-needle at fea, was to place it in a line

with the common compafs needle; and this muft be

very
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very inaccurate, if they are at any conhderable diflance

one from the other; or if they were near, the two nee-

dles would influence one another, and neither of them
could be true : nay, fuppofing them for once to be pro-

perly placed in this line, the leaf! motion of the fliip

throws them out again. But this inftrument has a con-

ftant power in itfelf, not only of fetting itfelf in the pro-

per polition, but alfo of keeping itfelf fo
;
or of reftoring

itfelf to the fame fituation, if at any time it has loft it

;

and it is curious to fee how, by its double motion, it

counteradts, as it w'ere, the rolling motion of the veflel.

I have only one thing farther to obferve, that as it is im-

poflible for human hands to make any inftrument ma-
thematically true, fo when we have two graduations to

look to, as in the prefent cafe, one on the North, and the

other on the South of the needle, we ought to attend to

bothj and take the medium for the true dip or variation

pretty nearly. But in this compafs there is another me-
thod of examining the obfervations. Take a good arti-

ficial magnet, and on the outfide of the compafs-box,

point one end of it towards the needle, and by moving
your magnet you may thus guide the north-end of the

needle round to the fouth
;
or, vice verfd^ without open-

ing your compafs-box. The magnet beingthen laid afide,

the needle will come to its true polition, after a few vi-

brations ; but as both the needle and the circle of incli-

nation are now reverfedrv, it will not poini: exadlly to the

(h) Mr. iORiMER means, that the magnet fliould be applied in fuch man-

ner as to turn the parallelogram and «ircle of inclination half way round hori-

zontally, fo that that end of the axis of the needle which before pointed to the

weft, fhall now point to the eaft.

M 2 fame



C 84 ]

•lame divifion as before
;
yet a mean of the nvo will be the

ti'uthj as nearly, I believe^ as it is poffible for any inftru*

ment to give it.

Quere i ft. May not a part of this fmall difference be

attributed to the direction of the magnetic influence

(whatever that be) in the fteel bar? and if fuch an expe-

riment could be tried upon the prefent azimuth com-
paffes, is it not probable, that the variation in them would
be at leaft as fenfible? Quere ad. May not this be the

caufe that two of the beft of them will differ a fmall mat-

ter from one another ? Quere 3d. Would the ends of the

needle being made thus 1—

>

,
inftead of the fquare form

be, in Ibme meafure, a remedy for this fmall variation?

I am, moft^efpecftfully, sir,

^ Your moft obedient humble fervant,

J. LORIMER>

Vm. 5/7/
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VIII. Bill of Mortalityfor Chefter/(?r the Tear 177 By

J. Haygartli, M. D» F, R. S.

Redde, Feb. a, f

|
'hAT Chefter is healthy to a very re-

markable degree, is hill more clearly

evinced from the following tables, than in the regifter

oflahyear. In 1772, one half of the mhabitants ap-

peared to arrive at 2 o years of age ;
a fa61 which feemed

very furpriling when compared with the proportional

mortality in other towns, both of a larger and lefs lize*

But, according to this year’s regifter, one half have lived

to be 36 years old. In 177 2,; one in 1 5 and 3“4ths had

lived to above 80, and this year i in 13. Thefe are very

nncommon inftances of longevity for fo large a propor-

tion of the inhabitants. The inhabitants of St. Michaefs

pariflr were numbered to be 6 1 8 ,
of whom this year ten

have died; that is, a lefs proportion than i in If

the inhabitants of the whole city were numbered with

the fame accuracy as thofe of St. Michael’s, many im-

portant conclufions, both medical and political, might

with certainty be deduced from the bill of mortality.

The regifter of burials in the nine pariflies are kept fepa-

rate; hence, by comparing the number of inhabitants

in each parilh with the burials in each, for a period of

years, we may, on the molt evident foundation, difcern

- I which
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wliidi part of the town is moft healthy. In a political

view, fuch an account would furnifli the bell means of

denionftrating the accuracy of a table of the probabili-

ties of life, formed from the regifler, and fupply uner-

ring data for calculating annuities, the value of rever-

lionary payments, and aflurances on lives. Such an old

town as Ghefter, where the number of inhabitants has

for many years fuffered little variation, and where the

births and burials are nearly equal, is peculiarly well

htted to furnhli this important information. At the re-

queft of Dr. price, author of the very ingenious effays

on annuities, 8cc. an improvement is made in the firlt

table, by continuing the divilion of lives into periods of

five years, from 50 till 80, and from that age to the ex-

tremity of life, by marking exadly the number dying

in every year
;
becaufe for want of fuch a regifler, the

law, according to which life wafbes after 80, is at pre-

fent almoft totally unknown, and the values of annui-

ties on lingle and joint lives, incapable of being calcu-

lated with any tolerable exadtnefs, beyond 70 or 75.

The following tables confirm the obfervation, that wo-

men live longer than men. Of thofe-who have lived to

above 80, only 10 are males, and 17 females; the num^
her of widowers this year is 17, of widows 44. The
table of difeafes of different ages (N'" II.) confirms in ge-

neral the obfervations of lafi: year. It is evident that no

epidemic vifited this place in 1773

;

not one died of the

meafies, or miliary fever, and the i c who funk under

the chinkcough had probably lingered under the difeafe

fince
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lince the former year, towards the end of which it ceafed

to be epidemic. Only one has died of the natural fmall-

pox; twelve were inoculated in Cheher, during this

year, and all recovered. In order to determine the uti-

lity of inoculation, it is neceflary to afcertain, by an in-

dudlion of fa61:s, to what proportion of thofe who are in-

fe(5led, this difeafe is fatal in the natural way. I have re-

ceived a very authentic account of the following fa6t,

which is perhaps the more curious and inftrudlive, as no
medical practitioner whatever vifited any of the patients

during the whole difeafe : at Kelfall and Aflrton, two

fmall Chefliire villages in this part of the county, on an
eminence of a dry abforbent fand rock, 69 perfons have

V

had the fmall-pox during the laft feven months;, of

whom I 2 have died, that is, i in 5 and 3-4ths. In con-

firmation of lafi; year’s obfervation it is proper to remark,,

that between the ages of 1 5 and 50, more have died of

confumptions this year, than of all other difeafes.

The Illd table flrews, at one view, what difeafes were
mofi: fatal in each month.

T A B L E
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TABLE I. Deaths, Ages and Conditions.

Ages. Males. Fe-

males.

Ages. .1Jatche-

lors.

Hnf-
bands.

VYi-

lowers.

Maids. (Vives*

(

\ I-

lows

Total.
,

Under i month — 6 4 20-25 6 X 4 I 12

Between i-z months I 1 s
i

25-30 5 3 I 6
1

's
:

2-3 4 6
{

3
°-

3 s|
I 3 4 3 1 1

3.6 8 «
1

35 4°! 1 5 14
1

21

6*9 1 3 4=-4 s|
1 9 2 6 I 20

,g months and i year 2 8 45-50 10 I 2 1 3 >7

1 i-s years old 5

1

1 2 50-55! I 3 1 3 5 2 15 '

ia-3 6 5 55
- 6o| 3 1 6 3

1
>3

’

4 6 60-65 2 4 2 2 5 2 17

I4-S
1 5

65-70 4 1 1 2 5 >3

5-10 3 7 70-75 1
5 3 5 TO *4

( 10-15 2 2 '-4

1
1"^

1
0

I
2 2 I 7 12

1

15.20 7 4 80 2 1 2 5

1 Total of the abov'e ages, 60 75 81 1 I

82 I 1 1 3

83 2 2

84 I I 2

85 I I

86 I I

”87 I I 2 4

88 I I

90 1 I

92 1 I 2

97 I 1

98 X I 2

106 I
1

1

I

Total of ages and conditions,
j

20
1 53 ( '7

1
24

1
58 t 45 1

217

T oral of ages vmder 20 years,
| }

i35

Total, 352

TABLE
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IX. Experiments on a new Colouring Subjlance from the

IJland of Amflerdam in the South Sea. Made by Mr,

PeterWoulfe, F, R. S. at the Eefire of SirJohn Pringle,

Bart, P. R, S.

Redde, Feb. 2, ^
'

|
fubftaiice is of a light bright orange

A colour; has a peculiar, though not a

ftrong, fmell ; and, when handled, gives a yellow ftaiii

to the fkin, which does not readily wafli out with foap

and water. Put on a red hot iron, it fmoaks, melts,

and catches fire, leaving a caput mortuum. When boiled

with water, it gives the liquor only a flight yellow tinge,

which is but little heightened by the addition of a fixed

alkaly
; therefore the colouring part of this fubftance is

infoluble in water. Oil of vitriol put to it becomes of a

red orange colour
;
but, when the acid is drained off, the

refiduum appears purple. Annotto, treated in the fame

manner, gives a blue colour. Spirit of wine, aether,

fixed and volatile alcalies, as alfo foap, difiblve the co-

louring part of this fubftance. To determine the

quantity of colouring matter which it contains, two

drams were digefted in a mattrafs, with four ounces of

redlified fpirit of wine; the folution being filtered af-

fumed a rich deep yellow colour, like a ftrong folution

of faffron or gumbouge with the fame fpirit
;
what re-

Vo L. LXY. O mained



[ 92 ]

mained in the filterwas digefled a fecond time, with four

ounces of frefh fpirit of wine, and the liquor filtered

;

this folution was much weaker than the firft. The un-

diflblved part remaining in the filter after this fecond

folution was digefted, a third time, with four ounces of

frefli fpirit ;
but the folution was now quite weak, and

of a very pale yellow colour. The 7'efiduum being now
deprived of its colouring portion, was flowly dried, when
it appeared of a very pale yellow colour, felt as foft as

ftarch between the fingers, and weighed forty two grains;

fo that two thirds nearly of this colouring fubftance are

foluble in fpirit of wine; the undiflblved part is not fo-

luble in water, acids or alkalies. Put on a red hot iron,

it fmoaks and catches fire without melting, leaving a ca-

^ut mortuum^ andgives afmell fimilar to that arifing from

common vegetable matter. The firfi: folution in fpirit

of wine, after ftanding twenty-four hours, de^^ofits fome

of its colour in the form of minute fpiculine cryfials, of

an orange colour. The fecond and third folutions let fall

none of their colour. The firft folution, droj^ped on pa-

per, tinges it of a bright orange colour, the fecond gives

a lively yellow colour, and the third a pale yellow. The
firft folution, fufiiciently, diluted with fpirit of wine,

makes a bright yellow ftain on paper, no way inclining

to an orange, but exactly refembling that made by the

fecond folution
;
hence it feems probable, that an orange

colour is only a deep yellow. Vitriolic asther readily

diffolves the colouring part of this fubftance, and affords

folutions of nearly the fame colour as thofe made with

I fpirit
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spirit of wine. Oil of turpentine diffolves but a fmall

portion of it, and acquires only a pale yellow colour.

A folution of fixed alkaly in water, digefted with this

fubftance, diffolves a large portion of its colouring part,

and the folution is of a brownilh yellow colour. Volatile

fpirit of fal ammoniac, feems to diffolve a larger portion

of it than the fixed alkaly, and the folution is of a reddifli

orange colour. A folution of foap in water, boiled with

this fubftance, likewife diffolves its colouring part. All

the foregoing folutions, except that in oil of turpentine,

which was not tried, die fiik, cloth, and linen, of va»

rious fhades of yellow and orange ;
but thefe colours are

difcharged, by boiling the dyed fubflances for fome time

in foap and water. This colour can, therefore, be of

ufe only in dying filk and wool, for which purpofe we
are already furniflied with good dyes. Few colours go

fo far in dying as this new fubftance, and none dye fo

fpeedily, efpecially when foap and water are ufed as the

folvent
;
for a dip or two will dye cloth or filk of a lively

yellow colour, when put into the mixture whilft hot^

Soap and water may be perhaps ufed with advantage, as

the folvent for feveral other colours.

From the foregoing experiments it appears, that this

colouring fubftance, upon which they have been made,

is of the relinous kind, and has a good deal of afhnity

with annotta.

O X. Experii^.cnU
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X. Experiments and Obfervations on the Gymnotus Elec-

triciis, or EleBrical Eel, By Hugh Williamfon, M.D,
Communicated by John Walfli, Efq, F, R. S.

TO JOHN WALSH, ESQ^

SIR, London Feb. 7, 1775,

Redde, Feb. 9, A g eledtrical eel has lately engaged
^ the public attention, and yours in par-

ticular, I have taken the liberty of fending you fome

experiments which I made on that filli: they are the

fame that I had the pleafure of fliewing you laid winter,

on my arrival from Penfylvania. If you apprehend they

may tend to call any light on that curious part of natu-

ral hiftory, or to gratify the curiofity of the public, be

pleafed to make any ufe of them you may think proper.

Belides my own fuperficial acquaintance with the fub-

jedt of eledlricity, of which I am very confcious, there

are other circumftances that may help to apologize for

the imperfedl Hate in which thefe experiments appear.

The eel being lickened by the change of climate, its

owner refufed to let us take it out of the water, for the

purpofe of making experiments, on reafonable terms

;

and there were many experiments which I could not

make
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make on it in the water, to my own fatisfa^Uon. While

I made thefe experiments, the eel was kept in a large

veflel, fupported by pieces of dry timber, about three

feet above the floor. Perhaps it may deferve notice, that

a fmall hole being bored in the veffel in which the eel

was fwimming, one perfon provoked the eel fo as to re-

ceive a fliock
;
another perfon at the fame time, not in

contadt with him, but holding his finger in the flream

that fpouted from the veffel, received a fliock alfo in that

finger. From this and fundry other experiments, I am
induced to believe, that the gymnotus has powers greatly

fuperior to, or rather different from, thofe of the tor-

pedo^ which you have examined with fo much atten-

tion. I have the honour to be, sir,

Your moft obedient

and very humble fervant,

HUGH WILLIAMSON.

Philadelphia, Sept. 3, 1773.

SOME weeks ago, a fea-faring man brought to this

city a large eel, that had been caught in the province of

Guiana, a little to the weftward of Surinam. It had the

extraordinary power of communicating a painful fenfa-

tion, like that of an eledtrical fhock, to people who
touched it, and of killing its prey at a diftance. As I

have not heard that any other eel of this kind has ever

been carried to any of our continental colonies, or that

any
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any of them have been feen in Europe, I iliall take the

liberty, after I have given a fhort defcription of the fifh,

to relate fiich experiments as I made, or affihed in ma-
king, in hopes of difcovering by what means it produced

the effeds I have mentioned. The eel was three feet

feven inches long, and about two inches thick near the

head. On a tranhent view, it refembled one of our com-
mon eels both in fliape and colour; but its head was flat

and its mouth wide, like that of a cat-hdi, without teeth.

A fin, whichwas above two inches broad, extended along

its belly, from the point of its tail to within fix inches of

its head. This fin was almofi: an inch thick where it ad-

hered to the body; the upper part of it was mufcular,

but of a very different texture from the mufcular part of

the body
;
the difference was obvious to the touch, for I

had no opportunity of making any obfervations by dif-

fering the fubjedt. It w^as a native of frefli water, and

breathed at the interval of three or four minutes, by lift-

ing its head to the furface.

EXPERIMENTS.

I . On touching the eel v/ith one of my hands, I per-

ceived fuch a feiifation in the -joints of my fingers as I

received on touching a prime condudtor or charged

phial, when no circle was formed
; or fuch as I have re-

ceived, when a few fparks of the eleffric fluid have

been conveyed through my fingers only. 2. On
touching the eel more roughly, I perceived a fimilar ef-

feft in my wrifc and elbowx 3. Touching the eel

with
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with an iron rod, twelve inches long, I perceived the like

fenfation in the joints of the thumb and fingers with-

which I held the metal. 4. V/hile another perfon

provoked the eel by touching it, I put my hand into the

water at the diflance of three feet, and felt fuch a fenfa-

tion in the joints of my fingers as wdien I had, touched

the eel, but not fo painful. 5. Some fmall fillies

were thrown into the water ivhere he was fwimming

;

he killed them immediately, and fwallow'ed them. 6.

A cat-fifh
('''b

^hat was at leaft one inch and an half thick,

was throivn into the water where the eel was fwim-

ming ;
he killed it alfo, and attempted to fwallow it, but

could not. 7 . In order to difcover whether the eel

killed thofe fifli by an emiflion of the fame fluid with

w^hichhe affedledmy handwhen I had touched him, I put

my hand into the water, at fome diflance from the eel

;

another cat-fifliv/as thrown into the water ; the eel fwam
up to it, but prefently turned away, without offering any

violence. After fome time he returned; when, feeming

to view it for a few feconds, he gave it a fliock, by which
it inflantly turned up its belly, and continued motion-

lefs
; at that very inflant I felt fuch a fenfation in the

joints of my fingers as in experiment 4. 8. A third

cat-fifh was thrown into the water, to which the eel gave

fuch a fliock, that it turned on its fide, but continued to

give figns of life. The eel feeniing-to obferve this, as it

was turning aivay, immediately returned, and flmck it

quite motionlefs. I could eafily perceive that the lafl

(a) The Eayre de rio of Marograve,

fliock
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i^iock "W' as more fevere than the former. The eel never

attempted to fwallow any of thofe filh after the firft,

though he killed many of them; and I always obferved,

that v/hen he was going to kill one, he fwam direcTly up
to it, as if he was going to bite it; that when he came

up, he fometimes paufed before he gave the fliock, at

other times he gave the Ihock immediately. When we
removed any of thofe cat-fifLi, though apparently dead,

into water in another velTel, they prefently recovered.

Fifl.1 that are Iftinned by a fmall eledfrical fliock were

found to recover in the fame manner. 9. Touching

tlie eel, fo as to provoke it, with one hand, and at the

fame time holding my other hand in the water, at a

fmall diftance, a fltock palTed through both my arms, as

in the cafe of the Leyden experiment. i o. I put the

end of a wet ftick into the water, and holding it with

one hand, I touched the eel with the other; a fliock

paired through both arms as before. ii. Taking

another gentleman in company by the hand, he touched

the eel, while I held one of my hands in the water
;
the

fliock paired through us both. 12. Inftead of put-

ting my hand into the water, at a dillance from the eel,

as in the lalt experiment, I touched its tail, fo as not

to offend it, while my afliltant touched its head more

roughly ;
we both received a fevere fliock. 1 3 . Eight

or ten perfons, taking hands, flood in a circular form;

the firlf in the feries touched the eel, while the laft put

his hand into the water, at fome. diftance from it
;
they

'all received a gentle fliock. 14, The above experi-

ment
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ment was repeated with, no other variation than that the

lalt perfon touched the eel’s tail, while the firft touched

its head; they all received a fevere fliock. . 15. Ano-
ther gentleman and myfelf, holding the extremities of

a brafs chain, one of us put his hand into the Water,

while the other touched the eel, fo as to offend it
;
the

fhock palled through us both. 1 6. I wrapped a lilk

handkerchief round my hand, and touched the eel with

it, but received no fhock ; although another gentlenian

felt the Ihock, who, at the fame time, put his hand into

the water, at fome diftance from the eel. 1 7 . A great

variety of other experiments were made by two perfons,

one touching the eel near its head, the other putting his

hand into the water, or touching it near the tail, form-

ing a communication at the fame time between their

hands, which were out of the water, by pieces of char--

coal, rods of iron or brafs, a piece of dry wood, glafs,

lilk, &c. The uniform refult of all thofe experiments

was, that whatever ufes to convey the ele6lrical fluid

would alfo convey the fluid difcharged by the eel ;
and

vice verjd^ a brafs chain, that had very many links in it,

would not convey it, unlefs when the Ihock was fevere,

or the chain tenfe. i 8. One of the company being

infulated on glafs bottles, received feveral fliocks from

the eel; but he exhibited no marks of a plus ftate of

eledlricity, nor would cork-balls, fufpended by lilkeii

threads, give any marks of it, either when they were

fufpended over the eel’s back, or touched by the infu-

lated perfon at the inftant he received the fliock. 19.

VoL. LXV. P A perfon



[' 100 ]

A perfon, holding a phial in one hand properly lined

and coated for electrical experiments, put his hand to the

tail of the filh, while an affiftant, holding a fhort wire in

one hand that communicated with the inlide of the

phial, grafped the fifli near its head, fo as to receive a fe-

vere lliock in his hand and arm, but it paffed no further.

2 0. Two pieces of brafs wire, about the thicknefs of a

crow’s quill, were fcrewed, in oppolite directions, into a

frame of wood, fo as to come within lefs than the hun-

dredth part of an inch of contaCt
;
they were rounded at

the point. I held the remote end of one of thofe wdres,

while an affiftant held the other; in the mean wffiile,

one of us putting his hand into the water near the eel,

the other touched it fo as to receive a fliock. We re-

peated this experiment fifteen or tw^enty times with dif-

ferent fuccefs : when the points of the wires w^ere even

fcrewed afunder, to the fiftieth part of an inch, the fliock

never pafTed in the circle
;
but when they were fcrewed

up within the thicknefs of double-poft paper, the ffiocks,

fuch of them as were fevere, ivould pafs through us both;

in which cafe, they doubtlefs leaped -from the point of

one wire to the other, though w^e were not fo fortunate

as to render the fpark generally vifible. But it ffiould be

obferved, that the eel on w'hich we made thefe experi-

ments, was not eafily provoked, and appeared to be in

bad health. I have frequently pafted my hand along its

back and fides from head to tail, and have lifted part of

its body above the water, without tempting it to make
any defence. Dr. Bancroft tells us, that fuch eels in

Guiana
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Guiana have fhocked his hand at the diftance of fbmt*

inches from the furface of the water. Perhaps fire emit-

ted by eels lately taken, might be rendered vifible.

From the above experiments it appears : i . That the

Guiana eel has the power of communicating a painful

fenfation to animals that touch or come near it. 2.

That this effedl depends ent-ir-ely on the will of t-he eel;

that it has the power of giving a fmall Ihock, a fevere

one, or none at all, juft as circumftances may require.

3. That the Ihock given, or the painful fenfation com-

municated, depends not on the mufcufar a6tion of the

eel, fince it fiiocks bodies in certain fituations at a great

difiance; and fince particular fubfiances only will con-

vey the fliock, while others, equally elafiic or hard, re-

fufe to convey it. 4. That the fliock mufi therefore

depend upon fome fluid, which the eel difcharges from

its body. 5. That as the fluid difcharged by the eel af-

fects the fame parts of the human body that are aflecfied

by the elecfiric fluid
;
as it excites fenfations perfe<fily fi-

milar; as it kills or firms animals in the fame manner;

as it is conveyed by the fame bodies that convey the elec-

tric fluid, and refufes to be conveyed by other bodies

that refufe to convey the eledtric fluid, it mufi alfo be

the true eledtrical fluid
;
and the fliock given by this eel

mufi be the true eledfrical fliock.

P 2 XI. An
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XT. An Account of the Gymnotns Ele(5lricus, or Eledirkal

Eel, In a Letter from Alexander Garden, M, D,

F, R, S, to John Ellis, Efq, F, R. S.

CharIc6-Town, South Carolina,

Aug. 14, 1774.

Recide, Feb. 23, Ik p£ \v days fince, I went to fee fome

very curious fifh, which were brought

here about nine or ten weeks ago from Surinam ; and I

was both furprized and delighted to obferve their ftrange

lhape, and experience their wonderful properties. I had

before received fome vague account of fuch a fifh ;
but I

always thought, that much of what I heard was fabu-

lous. There are five of thefe fiflies now here, of differ-

ent fizes, from two feet in length to three feet eight

2 inches.. The following defcription was made out from

the longeft and largefi:. It might have been much more

accurate, if there had been a poflibility of handling the

fifh, and examining it leifurely
;
or if I could have had a

dead fpecimen, as many things relating to the internal

and external fi:ru(fture could in that cafe have been more

exa6Uy afcertained. But this fifli hath the amazing -j

power of giving fo fudden and fo violent a fliock to I

any perfon that touches it, that there is, I think, an ab- !

folute impoifibility of ever examining accurately a living
|

fpecimen,
|
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fpecimen ; and the perfon who owns them rates them at

too high a price (not lefs than fifty guineas for the fmal-

left) for me to get a dead fpecimen, unlefs one fliould die

by accident
;
if that fhould happen, you may depend on

having a more exadt and accurate account forthe Society.

GEORGE BAKER, mariner, who brought them here, in-

tends to carry them to England
;
but as it is very uncer-

tain whether they will arrive in health and all alive, I

have recommended to him to get a fmall cafk of rum,

with a large bung, into which he may put any of them
that may die, and fo preferve them for the infpecSUon

and examination of the ciTrious when he arrives.

The largeft of thefe fifh was three feet eight inches

in length, when extending itfelf moft, and might have

been from ten to fourteen inches in circumference about

the thickefi: part of his body. The head is large, broad,

flat, fmooth, and imprefled here and there with holes,

as if perforated with a blunt needle, efpecially towards

the fides, where they are more regularly ranged in a line

on each fide. The rojirum is obtufe and rounded. The
upper and lower jaws are of an equal length, and the

gape is large. The noftrils are two on each fide
; the firft

large, tubular, and elevated above the furface
; and the

others fmall, and level with the fkin, placed immedi-

ately behind the verge of the rojlrum^ at the diftance of

an inch afunder. The eyes are fmall, flattifli, and of

a blueifli colour, placed about three quarters of an inch

behind the noftrils, and more towards the fides of the

head. The whole head feems to be well fupported;

but
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but whether with bones or cartilages, I could not learn.

The body is large, thick, and roundifh, for a conlidera-

ble diftance from the head, and then gradually grows

fmaller, but at the fame time deeper, or becomes of an aci~

naciform lliape, to the point of the tail, which is rather

blunt. There are many light-coloured fpots on the back

and fdes of the body, placed at confderable diftances in

irregular lines, but more numerous and difiinSt towards

the tail. When the fiflr was fwimming, it meafured fx
inches in depth near the middle, from the upper part of

the back to the lower edge of the fin, and it could not

be more than two inches broad on the back at that place.

The whole body, from about four inches below the head,

feems to be clearly diflinguiflied into four different lon-

gitudinal parts or divifions. The upper part or back is

roundifli, of a dark colour, and feparated from the other

parts on each fide by the lateralUnes\ which, taking their

rife at the bafe of the head, juft above the pecftoral fins,

run down the fides, gradually converging, as the fifli

grows fmaller, to the tail, and make fo vifible a depref-

fion or furrow in their courfe, as to diftinguifli this from

the fecond part or divifion, which may be properly cal-

led the body, or at leaft, appears to be the ftrong mufeu-

lar part of the fifh. This fecond divifion is of a lighter

and more clear blueifli colour than the upper or back

part, and feems to fwell out fomewhat on each fide, from

the depreffion of the lateral lines
;
but, towards the lower

or under part, is again contradted, or fharpened into the

third part, or carina. This carina^ or heel, is very dif-

tinguifiiable
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tinguifhable from the other two divifions,hy its thinnefs,

its apparent laxnefs, and by the reticulated ikin of a

more grey and light colour, with which it is covered.

When the animal fwims gently in pretty deep water, the

rhomboidal reticulations of the Ikin of this carina are

very difcernible ;
but when the water is fhallow, or the

depth of the carina is contracted, thefe reticulations ap-

pear like many irregular longitudinal plica. The carina

begins about lix or feven inches below the bafe of the

head, and gradually widening or deepening as it goes

along, reaches down to the tail, where it is thinneft. It

feems to be of a flrong mufcular nature. Where it firft

takes its rife from the body of the fifh, it feems to be

about one inch or one inch and an half thick, and is

gradually fharpened to a thin edge, where the fourth

and laft part is fituated; videlicet a long, deep, foft, wavy

fin, which takes its rife about three or four inches atmofi:

below the head, and runs down along the fliarp edge of

the carina to the extremity of the tail. Where it firft

rifes it is not deep, but gradually deepens or widens as it

approaches to the tail. It is of a very pliable foft con-

fiftence, and feems rather longer than the body. The
fituation of the anus in this fifh is very fingular, being

placed underneath, and being about an inch more for-

ward than the peCtoral fins, and confequently confidera-

bly nearer the rojirum. It is a pretty long rima in ap-

pearance ;
but the aperture muft be very fmall, as the

formed excrements are only about the fize of a quill of

a common dunghill fowl. There are two peCtoral (if I

5 may



[ io6 ]

may call them fo) fins, placed one on each fide, juft be-

hind the head, over the fora?nina J'piratoria^ which are

fmall, and generally covered with a lax fkin, fituated in

the axilltz of thefe fins. Thefe fins are fmall for the fize

of the fifti, being, fcarcely an inch in length, of a very

thin, delicate confiftence, and orbicular fliape. They
feem to be chiefly ufeful in fupporting and railing the

head of the fifli when he wants to breathe, which he

does every four or five minutes, by railing his mouth
out of the water. This fliews that he has lungs and is

amphibious, and theforaminafpiratoria feem to indicate

his having branchi<^ likewife
;
but this I only offer as a

conjecfture, not being certain of the fact. I muft now
mention the appearances of a number of fmall crofs

bands, annular divifions, or rather ruga, of the fkin of

the body. They reach acrofs the body down to the bafe

of the Carina on each fide
;
but thofe that crofs the back

feem to terminate at the lateral lines, where new rings

take their rife, not exadlly in the fame line, and run

down to the carina. This gives.the fifli fomewhat of a

worm-like appearance
;
and indeed it feems to have fome

of the properties of this tribe, for it has a power of

lengthening or fliortening its body to a certain degree,

for its own conveniency, or agreeable to its own inclina-

tion. I have feen this fpecimen, which I have meafured

three feet eight inches, fliorten himfelf to three feet two

inches; but befides this power of lengthening or fliorten-

ing his body, he can fwim forwards or backwards with

apparently equal eafe to himfelf, v hich is another pro-

perty
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perty of the vermicular tribe. When he fwims forward,

the undulation or wavy motion of the fin and carina be-

gin from the upper part, and move downwards; but

when he fwims backwards, and the tail goes foremoft,

the undulations of the fin begin at the extremity of the

tail or fin, and proceed in fuccellion from that back-

wards to the upper part of the body
; in either cafe h*e

fwims equally fwift. Every now and then the fifli

lays himfelf on one fide, as it were, to reft himfelf, and

then the four feveral divifions of his body abovemen-

tioned are very diftincftly feen; videlicet^ the vermiform

appearance of the two upper divifions
;
the retiform ap-

pearance of the carina
;
and the laft, or dark-coloured

fin, whofe rays feem to be exceedingly foft and flexible,

and entirely at the command of the ftrong mufcular ca--

rina. When he is taken out of the water, and laid on his

belly, the carina and fin lye to one fide, in the fame man-
ner as the ventral fin of the I'etraodon does, when he

creeps on the ground. I have been the longer and

more particular in the defcription of the external ftruc-

ture of this animal’s body, becaufe I think, as it is of a

moft fingular nature, and endow^ed with fome amazing

properties, even the moft minute circumftance I was able

to obferve relating to it fhould be mentioned.

The perfon to whom thefe .animals belong, calls

them Eledirical Fijh\ and indeed the power they have of

giving an ele6trical fliockto any perfon, or to anynumber
of perfons who join hands together, the extreme perfon

on each fide touching the fifla, is their moft fingular and

VoL. LXV. Q aftonifliing
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aftonifliing property. All the five we have here are pof-

fefied of this power in a very great degree, and com-

municate the fliock to one perfon, or to any number of

perfons, either by the immediate touch of the fifii with

the hand, or by the mediation of any metalline rod. The
keeper fays, that when they were firfi; caught, they could

give a much ftronger fhockby a metalline conductor than

they can do at prefent. The perfon who is to receive

the fliock muft take the fifli with both hands, at fome

confiderable diftance afunder, fo as to form the communi-
cation, otherwife he will not receive it

;
at leafl; I never faw

any one fliocked from taking hold of it with one hand

only: though fome have aflured me, that they were

fliocked by laying one hand on him. I myfelf have

taken hold of the largefl: with one hand often, without

ever receiving a fhock ;
but I never touched it with both

hands, at a little diftance afunder, without feeling a fmart

fliock. I have often remarked, that when it is taken

hold of with one hand, and the other hand is put into

the water over its body, without touching it, the perfon

received a fmart fliock j and I have obferyed the fame

efFe6t follow, when a number joined hands, and the

perfon at one extremity of the circle took hold of, or

touched the fifh, and the perfon at the other extremity

put his hand into the water, over the body of the fifh.

The fliock was communicated through the whole circle,

as fmartly as if both the extreme perfons had touched

the fifh. In this it feems to differ widely from the tor^

pedo^ or elfe we are much mifinformed of the manner
in
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in which the benumbing effect of that filh is communi-
cated. The fliock which our Surinam fifli gives, feems

to be wholly ele£lrical ;
and all the phsenomena or pro-

perties of it exactly refemble thofe of the ele61ric aura

of our atmofphere when colle6led, as far as they are dif-

coverable from the feveral trials made on this fifli. This

ftroke is communicated by the fame condu6fors, and in-

tercepted by the interpofition of the fame original elec-

trics, or electrics perfe as they ufed to be called. The
keeper of this filh informs me, that he catched them in

Surinam river, a great way up, beyond where the fait

water reaches
;
and that they are a frefli water hfli only.

He fays, that they are eaten, and by fome people elleem-

ed a great delicacy. They live on fifli, worms, or any

animal food, if it is cut fmall, fo that they can fwallow

it. When fmall live filhes are thrown into the water>

they firft give them a Ihock, which kills or fo ffcupifies

them, that they can fwallow them ealily, and without

any trouble. If one of thefe fmall fifhes, after it is fliock-

ed, and to all appearance dead, be taken out of the veflel

where the ele6i:rical fifb is, and put into frefh water, it

will foon revive again. If a larger filh than they can

fwallow be thrown into the water, at a time that they are

hungry, they give him fome fmart fbocks, till he is ap-

parently dead, and then they try to fwallow or fuck him
in

;
but, after feveral attempts, finding he is too large,

they quit him. Upon the moll careful infpedlion of fuch

fifh, I could never fee any mark of teeth, or the leafl

wound or fcratch on them. When the eledlrical fifh

Q a are
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are hungry, they are pretty keen after their food; but

they are foon fatisfied, not being able to contain much at

one time. An ele,6trical filli of three feet and upwards

in length cannot fwallow a fmall fhli above three or at

moft three inches and a half long. Since I wrote the

above defcription and remarks, I have had Mr. Ban-

croft’s Effay on the Natural Hiltory of Guiana put into

my hands, in w'hich I find an account of this animal

;

hut, as I think that he has not been very particular in

the defcription of it, I refolved ftill to fend you the above

account, that you might judge for yourfelf. I obferve,

that his account or defcription and mine differ in feveral

things
; and amongft others, where he fays, that thofe

filli were ufually about three feet in length
;
but the one,

of which I have fent a flight defcription, was three feet

eight inches. This fmall variation might indeed have

happened without any error
;
but I am told, that fome of

them have been feen in Surinam riverupwards of twenty

feet long, whofe flroke or fhock proved inftant death to

any perfon that unluckily received it..

I fliall be on the watch to procure a more accurate

knowledge of, and acquaintance with, this animal; and if

I can learn any thing farther about it, you may depend,

on my communicating it.

XII. Experiments
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XII. Experiments and Obfervations in an heated Room.

By Charles Blagden, M. D. F. R, S.

vitation from Dr, geoPv.ge fordy ce, to obferve the effedts-

of air heated to a much higher degree than it was for-

merly thought any living creature could bear. We all

rejoiced at the opportunity of being convinced, by our

own experience, of the wonderful power with which the

animal body is endued, of relifting an heat vallly greater

than its own temperature
;
and our curiolity was not a

little excited to obferve the circumllances attending this

remarkable power. We knew, indeed, that of late feve-

ral convincing arguments had been adduced, and obfer-

vations made, to hiew the error of the common opinions

on this fubejdt; andthatDr. FORDYCEhad himfelf proved

the miftake of Dr. BOERHAAVE^‘'^'and mofh other authors,

by fupporting many times very high degrees of heat, in

the courfe of a long train of important experiments

;

with which, and his moll philofophical conclulions from

them, every lover of fcience mull earneftly wifh that he

may foon favour the public. In the mean time time, I

am happy in an opportunity of laying before this So-

BOUT the middle of January, feveral

gentlemen and myfelf received an in-

(ii) Elem. Chemise, tom, I. p. 277, 278.

ciety
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ciety the following fhort account of fome of thefe expe-

riments, and of the views with which they were underta-

ken; for the particulars of which I am obliged to Dr.

FORDYCE himfelf.

DR. CULLEN long ago fuggefted many arguments to

fliew, that life itfelf had a power of generating heat, in-

dependent of any common chemical or mechanical

yneans ;
for, before his time, the received opinions were,

that the heat of animals arofe either from fridtion or fer-

mentation w. Governor ellis in the year 1758 ob-

fervedr^;, that a man can live in air of a greater heat than

that of his body ;
and that the body, in this fituation, con-

tinues its own cold. The Abbe chappe d’auteroche

informs us, that the Ruffians ufe their baths heated to

of REAUMUR’S thermometer, about 160 of Fah-

renheit’s, without taking notice, however, of the heat

of their bodies when bathing. With a view to add

further evidence to thefe extraordinary fa61s, and to af-

certain the real effedls of fuch great degrees of heat on

(h) To do furttier juft ice to the philofophy of this moft ingenious and refpec-

table profeffor, I muft here declare, that during my ftay in Edinburgh, from

the year 1765 to 1769, the idea of a power in animals of generating cold (that was

the expreffion) when the heat of the atmofphere exceeded the .proper temperature

of their bodies, was pretty generally received among the ftudents of phyfic, from

Dr. Cullen’s arguments
;
in confequence of which I applied a thermometer, in

a hot fummer-clay, to the belly of a^frog, and found the quicklilver fink feveral

degrees ; a rude experiment indeed, but ferving to confirm the. general faft, tliat

the living body poffeffes a power of refilling the communication of heat.

(c) Philofophical Tranfa£llons, vol. L. p. 755*

(d) Voy. en Siberie, tom, I. p. 51,

the
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the human body, Dr. foudyce tried the following expe-

riments.

He procured afuite of rooms, of which the hotteft was

heated by flues in the floor, and by pouring upon it boil-

ing water; and the fecond was heated by the fame flues,

which pafled through its floor to the third. The firft

room was nearly circular, about ten or twelve feet in dia-

meter and height, and covered with a dome, in the top

of which was a fmall window. The fecond and third

rooms were fquare, and both furniflied with a fhy-light.

There was no chimney in thefe rooms, nor any vent for

the air, excepting through crevices at the door. In the

firfl: room were placed three thermometers
;
one in the

hotteft part of it, another in the cooleft part, and a third

on the table, to be ufed occalionally in the courfe of the

experiment ; the frame of this laftwas made to turn back

by a joint, fo as to leave the ball and about two inches of

the ftem quite bare, that it might be more conveniently

applied for afcertaining the heat of the body, and feve-

ral other purpofes.

EXPERIMENT I.

In the firftroom the higheft thermometer flood at i z

theloweft at 1 1 0°; in the fecond room the heat was from
90° to 85°; the third room felt moderately warm, while

the external air Was below the freezing point. About

three hours after breakfaft, Dr. fordyce having taken

off all his cloaths, except his fliirt, in the third room, and

being furniflied with wooden flioes, or rather fandals tied

on with lift, entered into the fecond room, and ftaid five

I minutes
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ip.iilutes in a heat of 90°, when he began to fweat gently.

He then entered the firilroom, and hood in the part heated

to 1 1 0° ;
in about half a minute his fliirt became fo wet

that he was obliged to throw it ahde, and then the water

poured down in breams over his whole body. Having re-

mained ten minutes in this heat of 110°, he removed to

the part ofthe room heated to i 2 0°; and after haying there

twenty minutes, he found that the thermometer placed

under liis tongue, and held in his hand, hoodjuhat 10 o'",

and that his urine was of the fame temperature. His pulfe

had gradually rifen till it made 145 pulfationsma minute.

The external circulation was greatly increafed
;
the veins

had become very large, and an univerfal rednefs had dif-

fufed itfelf over the body, attended with a hrong feeling

of heat. His refpiration, however, was but little affecSted.

Here Dr. fordyce remarks, that the moihure of his fkin

moh probably proceeded chiehy from the condenfation

of the vapour in the room upon his body. He concluded

this experiment in the fecond room, by plunging into

water heated to 100°; and, after having been wiped dry,
’

was carried home in a chair; but the circulation did not

fubhde for two hours, after which he walked out in the

open air, and fcarcely felt the cold.

EXPERIMENT 11 .

In the hrh room the higheh thermometer varied from

1 3
2° to 130°; the loweh hood at 1 1

9°. Dr. fordyce hav-

ing undrehed in an adjoining coldchamber, went into the

heat of 1 1
9°; in half a minute the water poured down in

hreams over his whole body, fo as to keep that part of the

hoor
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floor where he flood conflantly wet. Having remained

here fifteen minutes, he went into the heat of 130'^; at

this time the heat of his body was 100°, and his pulfe

beat 126 times in a minute. While Dr. fordyce flood in

this fituation, a Florence flafk was brought in, by his or-

der, filled with water heated to i o 0°, and a dry cloth, with

which he wiped the furface of the flafk quite dry
; but it

immediately became wet again, and ftreams of water

poured down its fides ; which continued till the heat of

the water within had rifen to 122% when Dr. fordyce
went out of the room, after having remained fifteen mi-

nutes in an heat of 1 3 0° ;
jufl before he left the room his

pulfe made 139 beats in a minute, but the heat under

his tongue, in his hand, and of his urine, did not exceed

1 00 °. Here Dr. fordyce obferves, that as there was no
evaporation, but conflantly a condenfation of vapour on
his body, no cold was generated but by the animal pow-
ers. At the conclufion of this experiment. Dr. fordyce
went into a room where the thermometer flood at 43'’,

dreffed himfelf there, and immediately went out into the

cold air, without feeling the leafl inconvenience; on
which he remarks, that the tranfition from very great

heat to cold is not fo hurtful as might be expe6led, be-

caufe the external circulation is fo excited, as not to 1^

readily overcome by the cold. Dr. fordyce has fince

had occafion, in making other experiments, to go fre-

quently into a much greater heat, where the air was dry,

and to flay there a much longer time, without being af-

fedled nearly fo much, for which he affigns two reafons

;

VoL. LXV. R that
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that dry air does not communicate its heat like air fatu-'

rated with moifture; and that the evaporation from the

-body, which takes place when the air is dry, affifts its

living powers in producing cold. It muft be imme-
diately perceived, that, befides the principal objedt, thefe

curious experiments throw great light on many other

very important fubjedls of natural philofophy.

January 23. The honourable Captain phipps, Mr.

BANKS, Dr. SOLANDER, and myfelf, attended Dr. for-

DYCE to the heated chamber, which had ferved for many
of his experiments with dry air. We went in without

taking off any of our cloaths. It was an oblong-fquare

room, fourteen feet by twelve in length and width, and

eleven in height, heated l)y around ftove, or cockle^ of calf

iron, which flood in the middle, with a tube for the fmoke

carried from it through one of the lide walls. When we
lirll entered the room, about 2 o’clock in the afternoon,

the quicklilver in a thermometer which had been fuf-

pended there Hood above the 1 50th degree. By placing

feveral thermometers in different parts of the room we
afterwards found, that the heat was a little greater in

fome places than in others
;
but that the whole difference

never exceeded 20°. We continued in the room above

20 minutes, in which time the heat had rifen about 12°,

chiefly during the firft part of our Hay. Within an

hour afterwards we went into this room again, without

feeling any material difference, though the heat was con-

fiderably increafed. Upon entering the room a third

time, between five and fix o’clock after dinner, v/e ob-

ferved
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ferved the qiiickfilver in oiir only remaining thermo-

meter at I this great heat had fo warped the ivory

frames of our other thermometers that every one of

them was broken. We now ftaid in the room, all to-

gether, about I o minutes
; but finding that the thermo-

meter funk very faft, it was agreed, that for the future

only one perfon fhould go in at a time, and orders were

given to raife the fire as much as pofiible. Soon after-

wards Dr. soLANDER entered the room alone, and faw

the thermometer at 2 1 o° ;
but, during three minutes that

he ftaid there, it funk to 196°. Another time, he found

it almoft five minutes before the heat was leflTened from
210° to 196°. Mr. BANKS clofed the whole, by going in

when the thermometer flood above 211°; he remained

feven minutes, in which time thequickfilver had funk to

198°; but cold air had been let into the room, by a perfon

who went in and came out again duringMr. banks’s flay.

The air heated to thefe high degrees felt unpleafantly

hot, butwas very bearable. Our mofl uneafy feeling was

a fenfe of fcorching on the face and legs ; our legs parti-

cularly fuffered very much, by being expofed more fully

than any other part to the body of the flove, heated red-

hot by the fire within. Our refpiration was not at all af-

fedled; it became neither quick nor laborious ;^the only

difference was a want of that refrefhing fenfation which

accompanies a full infpiration of cool air. Our time was

fo taken up with other obfervations that we did not

(e) This thermometer ftands, near the boiling point, about a degree too

high; the fcale is Fahrenheit’s,

R z count
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count our pulles by the watch : mine, to the beft of my
judgment by feeling it, beat at the rate of loo pulfa-

tions in a minute, near the end of the firft experiment

;

and Dr. solander’s made 92 pulfations in a minute

foon after we had gone out of the heated room. Mr.

BANKS fweated profufely, but no one elfe; my fliirt was

only damp at the end of the experiment. But the moll

ftriking effects proceeded from our power of preferv-

ing our natural temperature. Being now in a fituation

in which our bodies bore a very different relation to

the furrounding atmofphere from that to which w^e had

been accuflomed, every moment prefented a new phae-

nomenon. Wheneverwe breathed on a thermometer the

quickfilver funk feveral degrees. Every expiration, parti-

cularly if made with any degree of violence, gave a very

pleafant impreffion of coolnefs to our noftrils, fcorched

juft before by the hot air rufliing againft them when we
infpired. In the fame manner our no^v cold breath agree-

ably cooled our fingers whenever it reached them. Upon
touching my fide, it felt cold like a corpfe

;
and yet the

aftiial heat of my body, tried under my tongue, and by

applying clofely the thermometer to my flcin, was 98°,

about a degree higher than its ordinary temperature.

When th,e heat of the air began to approach the higheft

degree which this apparatus was capable of producing,

9Ctr bodies in the room prevented it from riling any

h^igher; andwhen it had been previouflyraifed above that

point, ineyitably futfk it. Every experiment furnifhed

proofs of this: toward the end of the firft, the thermo-

3 meter
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meterwas ftationary : in the fecond, it funk a little during

the fliort time we ftaid in the room : in the third, it funk

fo fail as to oblige us to determine that only one perlon

fliould go in at a time : and Mr. banks and Dr. solan-

DER each found, that his iingle body was fufficient to,

link the quicklilververy faft, whentheroomwas brought

nearly to its maximum of heat.

Thefe experiments, therefore, prove in the cleareft

manner, that the body has a power of deftroying heat.

To fpeak juftly on this fubjeft, we mull call it a power of

deftroying a certain degree of heat communicated with

a certain quicknefs. Therefore in eftimating the heat

which we are capable of relifting, it is necelfary to take

into conlideration not only what degree of heat would

be communicated to our bodies, if they polfelfed no re-

lifting power, by the heated body, before the equilibrium

of heat was eftecfted
;
but alfo what time that heat would

take in pafting from the heated body into our bodies.

In confequence of this compound limitation of our re-

lifting power, we bear very different degrees of heat in

different mediums. The fame perfon who felt no in-

convenience from air heated to 2 1 1 could not bear

quicklilver at i 20°, and could juft bear rectified fpirit of

wme at 130°; that is, quicklilver heated to 120"^ fur-

nilhed, in a given time, more heat for the living powers

to deftroy, than fpirits heatM to i. 30°, or air to 21 1°^/^.

And

{f} Thefe numbers are the refult of feme experiments which were made

®n the- firft gf February, in a room where the heat, of the' air was 65*. Mr.

SANKS^
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And we had in the heated room where our experiments

were made, a ftriking though familiar inftance of the

fame. All the pieces of metal there, even our watch-

chains, felt fo hot, that we could fcarcely bear to touch

them for a moment, whilft the air, from which the me-

tal had derived all its heat, was only uii2:)leafant. The
flownefs with which air communicates its heat was fur-

ther fliewn, in a remarkable manner, by the thermome-

ters we brought with us into the room, none of which

at the end of twenty minutes, in the firft experiment,

had acquired the real heat of the air by feveral degrees.

. It might be fuppofed, that by an adlion fo very different

from that to which we are accullomed, as deftroying a

large quantity of heat, inhead of generating it, we muft

have been greatly difordered. And indeed we experi-

enced fome inconvenience
;
our hands fliook very much,

and we felt a confiderable degree of languor and debi-

lity ;
I had alfo a noife and giddinefs in my head. But it

was only a fmall part of ourbodies that exerted the power

of deftroying heat with fuch a violent effort as feems ne-

ceffary at firft fight. Our cloaths, contrived to guard us

from cold, guarded us from the heat on the fame prin-

ciples. Underneath we were furrounded Avith an atmo-

BANKs and ! found that we could bear fplrits which had been confiderably heated

and were now cooling, when the thermometer came to the 130th degree; cool-

ing oil at 129° ;
cooling water at 123° ; cooling quickfilver at 117°. And thefe

points were pretty nicely determined ; fo that though we could bear water very

well at 123“, we could not bear it at 125°, an experiment in which Dr. solan-

DERjoined us. And our feelings with relpe£l to all thefe points, feemed pretty

exactly the l^e.

fphere
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fphere of air, cooled on one fide to 9 8°, by being in contact

with our bodies, and on the other fide heated very flowly,

becaule woollen is fuch a bad condudtor of heat. Ac-

cordingly I found, tovrard the end of the firfl experiment,;

that a thermometer put undermy doaths, but not in con-

tad with my fidn, funk down to 1 1 o”. On this princi-

ple it was that the animals, fubjeded by M. tillet to>

the interefiing experiments related in the Memoirs of the

Academy of Sciences for the year 1764, bore the oven

fo much betterwhen they were cloathed, thanwhen they

were put in bare r the heat adually applied to the greatefi:

part of their bodies was confiderably lefs in the firfi; cafe-

than in the lafl. As animals can deftroy only a certain

quantity of heat in a given time, fo the time they can

continue the full exertion of this deftroying power feems

to be alfo limited; which may be one reafon why we
can bear for a certain time, and much longer than can

be neceflary fo fully heat the cuticle^ a degree of heat

which will at length prove intolerable. Probably both

the power of deftroying heat, and the time for which it

can be exerted, may be increafed, like mofi: other facul-

ties of the body, by frequent exercife. It might be partly

on this principle that, in M. tillet’s experiments, the

girls who had been ufed to attend the oven bore, for ten

minutes, an heat which would raife Fahrenheit’s ther-

mometer to 280®: in our experiments, however, not

one of us thought he fuftered the o reatefi: cleF'ree of heato 00
that he was able to fupport.

A principal
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A principal nfe of all thefe fa<5ls is, to explode the

common theories of the generation of heat in animals.

No attrition, no fermentation, or whatever elfe the me-
chanical and chemical phylicians have devifed, can ex-

plain a power capable of producing or deftroying heat,

juft as the circumftances of the lituation require. A
power of fuch a nature, that it can only be referred to

the principle of life itfelf, and probably exercifed only

in thofe parts of our bodies in which life feems pecu-

liarly to relide. From thefe, with which no conftdera-

ble portion of the animal body is left unprovided, the

generated heat may be readily communicated to every

particle of inanimate matter that enters into our com-

pofttion. This power of generating heat feems to at-

tend life very univerfally. Not to mention other Avell

known experiments, Mr. hunter found a carp pre-

ferve a coat of fluid water round him, long after all the

reft of the water in the veflel had been congealed by a

very ftrong freezing mixture. And as for infe6ts, Dr.

MARTINE obferved, that his thermometer, buried in

the midft of a fwarm of bees, rofe to 97°. It feems ex-

tremely probable, that vegetables, together with the

many other vital powers which they poflefs in common
%vith animals, have fomething of this property of gene-

rating heat. I doubt, if the fudden melting of fnow

which falls upon grafs, whilft that on the adjoining gra-

vel walk continues fo many hours unthawed, can be ade-

quately explained on any other fuppolition. Moift dead

(g) EiTays Medical and Philofophical, p. 331.

flicks
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fticks are often found frozen quite hard, wheir-in the

fame garden the tender growing twigs are not at all af-

fected. And many herbaceous vegetables, of no great

fize, refift every winter degrees of cold which are found

fufficient to freeze large bodies of water. It may be

proper to add, that after each of the above mentioned

experi aents of bearing high degrees of heat, we went

out iniii vediateiy into the open air, without any precau-

tion, and experienced from it no bad eiFe6t. The lan-

guor and ihaldng of our hands foon went off, and we
have not fiace fuilered the leail inconvenience.

VoL, rw. Xl!L iht
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XIII. fuppofed Effedi of boiling upon JVater, in difpojing

it to freeze more readily^ afcertained by Experhnents.

By Jofeph Black, M. D. Profeffor of Chemijiry at Edin-

burgh, in a Letter to *S’/r John Pringle, Bart, P, R. S,

TO SIR JOHN PRINGLE, BART. P. R. S.

DEAR SIR, Edinburgh, Feb. ii, 1775.

Reclde, Feb. TT TE had lately one day of a calm and
1775* VV clear froft; and I immediately feized

the opportunity, which I miffed before, to make fome

experiments relative to the freezing of boiled water, in

comparifon with that of water not boiled. I ordered

fome water to be boiled in the tea kettle four hours. I

then filled with it a Florentine flafk, and immediately

applyed fnow to the flafk until I cooled it to 48° of

FAHRENHEIT, the temperature of fome unboiled water

which flood in my fludy in a bottle
;
then putting four

ounces of boiled, and four of the unboiled water, fepa-

rately, into two equal tea cups, I expofed them on the

outfide of a northwindow, where a thermometer pointed

to 29''. The confequence was, that ice appeared firfl

upon the boiled water ; and this, in feveral repetitions of

the experiment, with the fame boiled water, fome of

which
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which were made nme hours after it was poured out of

the tea kettle. The length of time which intervened

between the firft appearance of ice upon the two waters

was different in the different experiments. One caufe of

this variety was plainly a variation of the temperature of

the air, which became colder in the afternoon, and made
the thermometer defcend gradually to 25°. Another

caufe was the diflurbance of the water; when the un-

boiled water was difturbed now and then by ftirring it

gently with a quill tooth-pick, the ice was formed upon

it as foon, or very nearly as foon, as upon the other
;
and

from what I faw, I have reafon to think, that were it to

be flirred inceffantly, provided at the fame time the ex-

periment were made with quantities of water, not muck
larger or deeper than thefe, it would begin to-freeze full

as foon. In one of thefe trials, having infpedted my tea

cups when they had been an hour expofed, and finding

ice upon the boiled water, and none upon the other, 1

gently flirred the unboiled water with my tooth-pick,

and faw immediately, under my eye, fine feathers of ice

formed on its furface, which quickly encreafed in fizc

and number, until there was as much ice in this cup as

in the other, and all of it formed in one minute of time,

or two at mofl. And in the reft of the trials, though the

congelation began in general later in the unboiled water

than in the other
; when it did begin in the former, the

ice quickly encreafed fo as, in a very ftiort time, to equal,

or nearly equal in quantity, that which had been formed

more gradually in the boiled water. The opinion,

S 2 therefore,
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therefore, which I have formed from what I have hi-

therto feen is, that the boiled and common water differ

from one another in this refped:
;
that whereas the com-

mon water, when expofed in a Ifate of tranquillity to air

that is a few degrees colder than the freezing point, may
ealily be cooled to the degree of fuch air, and ffill conti-

nue perfecftly fluid, provided it ftill remain undiffurbed

:

the boiled water, on the contrary, cannot be preferved

fluid in thefe circumlfances ; but when cooled down to

the freezing point, if we attempt to make it in the leaf!

colder, a part of it is immediately changed into ice
;
after

which, by the continued a6fion of the cold air upon it,

more ice is formed in it every moment, until the whole

of it be gradually congerded before it can become as cold

as the air that furrounds it. From this difeovery it is

eafy to underfland, why they find it necelTary to boil the

water in India, in order to obtain ice. The utmoff in-

tenfity of the cold which they can obtain by all the means

they employ, is probably not greater than 31° or 30'' of

Fahrenheit’s thermometer. Common water, left un-

diflurbed, will eafily defeend to this degree without freez-

ing; and, if theyhave not the means of making it colder,

may continue fluid for any time, provided it be not dif-

turbed : the refrigerating caufes of that part of the world

when they have done fo much, have done their utmoff,

and can a6f no further upon the water. But this cannot

happen to the boiled water; when the refrigerating

caufes have cooled it to 3 2°, the next effedt they produce,

,is to occafion in it the beginning of congelation, while

the

I
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the water is afterwards gradually aflluxiing the form of

ice, we know, by experience, that the temperature of it

muft remain at 3 2°; it cannot be made colder, fo long as

any conliderable part of it remains unfrozen''"^. The re-

frigerating caufes continue, therefore, to have power over

it, and to act upon it, and will gradually change the whole

into ice, if their a6tion be continued fufficiently long.

The next objedt of inveftigation may be the caufe

of this difference between the boiled and the common
water. In confidering this point, the following idea

was fuggeffed. As we know from experience, that by
dilturbing common water, we haften the beginning of

its congelation, or render it incapable of being cooled

below 32°, without being congealed; may not the only

difference between it and boiling water, when they are

expofed together to a calm frofly air, coniift in this cir-

cumftance : that the boiled water is neceffarily fubjedled

to the adlion of a dihurbing caufe, during the whole
time of its expofure, which the other is not ? One effedt

of boiling water long, is to expell the air which it natu-

rally contains ; as foon as it cools, it begins to attradl and

abforb air again, until it hath recovered its former quan-

tity
; but this probably requires a conliderable time. Du-

ring the whole of this time, the air entering into it muff

occaffon an agitation or diffurbance in the water, which,

though not fenffble to the eye, may be very effedtual in

{a) Common water, when cooled in a ftate of tranquillity to feveral degrees

below the freeing point, will fuddenly rife up to it again, if difturbed in fuch a

manner as to occafion in it a beginning of congelation.

preventing
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preventing it to become, in the leaft, colder than the

freezing point, without beginning to freeze, in confe-

quence of which its congelation mull begin immediately

after it is cooled to that point. When I refiecSl upon
this idea, I remember a fa6l which appears to me to fup-

port it ftrongly. Fahrenheit was the firft perlbn who
difcovered that water, when prefei'ved in tranquillity,

may be cooled fome degrees below the freezing point

without freezing. He made the difcovery While he was

endeavouring to obtain ice from water that had been

purged of its air : with this intention he had put fome

water into little glafs globes, and having purged it of air,

by boiling and the air-pump, he fuddenly fealed up the

globes, and then expofed them to the frofty air. He was

furprizedto find the water remain unfrozen much longer

than he cxpe6ted, when at laft he opened fome of his

globes, in order to apply a thermometer to the water, or

otherwife examine what Ifate it was in. The immediate

confequence of the admilTion of the air w'as a hidden

congelation which happened in the \vater; and in the

lefi c>f his globes, a fimilar produdlion of ice was occa-

fioned % lhaking them. The inference that may be

drawn from thefe experiments of Fahrenheit’s is fuffi-

ciently obvious; it appears to me to remove all doubt

with regard to the above luppofition. Before thefe

experiments of Fahrenheit occurred to my memory, I

had planned a few, fuggefied by the above fuppofition,

that might have led to the fame conclufion
; but the fliort

duration of the froft, for one day only, did not give me
time to put them in execution.

XIV. EX PE-
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EXPERIMENTS ON THE DIPPING NEEDLE,

Stromnefs in the illes of Orkney, lat. 58'' 59' North,

long. 3° 30' Weft from London, June 9, 1774.

The index placed Eaft.

The index placed Weft.

The poles of the needle changed, the index

placed Weft.

The index facing the Eaft.

In thefe obfervations the needle was placed horizon-

tal, and the vibration continued between nine and ten

minutes. The inftrument was fet in the middle of a

room up one pair of ftairs ; but being apprehenfive that

the iron-gratfe, fender, poker, and tongs, might, in fome

meafure, afFe6t the needle, I determined to make a trial

in the open air, and in a place free from fuch obftacles.

75 50
76 o

75 45

75 45

75 40 .

74 55
'

75 o
,

75 20

75 25 .

75 25

7610 .

76 15 .

76 25 i

77 o J

E X r E“
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EXPERIMENTS ON THE DIPPING NEEDLE.

On the Holms in the entrance of Stromnefs Harbour,

June 23,1774. Variatlon per azimuth 2
4^ Wef:erly

.

Long, from London 3° 30" Weft, lat. 58° 59' North.

76 o'
75 40 '

75 45 ,

76 55
17610 I

76 30 I

The index placed Weft.

The index placed Eaft.

74 45

75 30

75 o

The poles changed, and index Eaft.

76 o

74 45
75 o

The index placed Weft.

The needle in all thefe obfervations was left to vibrate

from an horizontal polition. The inftrument was fet

on the top of the cafe (in which it was packed) and ftood

in the open air, in a fine funny day.

VoL. LX\. T EXPE-
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EXPERIMENTS ON THE DIPPING NEEDLE.

In Hudfon’s Straits, July 23, 1774, lat. 62° 3' North,

long. 69° Weft from London, variation 43° Wefterly.

83 45
82 40

The needle vibrated from an horizontal lituation.

Thefe obfervations were made on a large piece of ice, to

which the three fliips were grappled. I imagine the firft

four experiments may be depended on, as it was calm

weather; but afterwards, a breeze ipringing up gaye the.

ice a circular motion, which made it impollible to.keep

the inftrument exa61;ly in the magnetic meridian, as may
be feen in the fifth and fixth experiments. I re-adjufted

the inftrument for the laft obfervation
;
but finding the

ice ftill continued in motion, I judged it unneceftary to

make any farther experiments at this time, as it could

not be done with that exadlnefs I could wLfh, or give fa-

tisfaftion to the learned Society to whom I have the ho-

nour of tranfmitting thefe remarks.

O

82 50

82 30 The Index placed Eaft.

82 40

81 50

82 45

EXPE-

3
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EXPERIMENTS ON THE DIPPING NEEDLE.

In Hudfon’s Straits, July 27, 1774, lat. 62° 23" North,

long. 71° 30' Weft from London, variation 42° 50'

Wefterly per azimuth

.

O /

81 45 '

83 1

2

. The index placed Eaft.

82 1

2

83 0

8a 45 , The index placed Weft^.

83 45 ,

83 30
'

84 0 . The poles changed, and itidex Weft.

83 35

8S 0
1

83 ^5 ^ The index placed Eaft.

83 45 J

I met with the fame impediment as in the laft triahof

the inftrument, the field of ice turning round, fo as to

remove the needle cohftahtly out of the magnetic meri-

dian; however, I endeavoured to be exadt, and re-adjuft-

ed the pofition of the inftrument twice during the ob-

fervations.

T z EXPE*
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EXPERIMENTS ON THE DIPPING NEEDLE.

lii Hudfon’s Straits, July 28, 1774, lat. 62° 25' North,

long. 71° 30' Weft from London, variation per azi-

' math 44° Weft.

« f

83 o

83 o

83 30

83 0

81 30

81 40

82 8

82 o

I
The index pointing Weft.

I
The index pointing Eaft.

I
The poles changed, and index Eaft.

I
The index pointing Weft.

Thefe obfervations were made with the afliftance of

Captain Richards, on a table in the cabbin of the Prince

Rupert. We ufed all imaginary care to render them
exa6t; yet, at the conclulion, I found the ftiip, though

faft to a field of ice, had altered the pofition of her head

:

for by placing the index to the North line of the inftru-

merit, the needle ftood at 88° 10' Weft, inftead of being

perpendicular at 90^

0

X X PE-
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EXPERIMENTS ON THE DIPPING NEEDLE.

In Hudfon’s Bay, Aiiguft 14, 1774, lat. 56° 53' North,

long. 85° 22' Weft from London, variation per azi«

ninth 24° Weft.

82 o

82 o

82 15

82 20

82 50

82 35

82 30
82 15

I
The mdex plaeed Eaft.

I
The index placed Weft.

I
The poles changed, and index Eaft

I
The index placed Eaft.

Thefe experiments were made in conjnnflion with

Captain Richards, in the cabbin of the Prince Rupert,

whilft flie lay amongft ice. The fliip frequently varied

the pofttion of her head a point of the compafs
;
but by

replacing the inftrument as often as we found occafton,

I have the greateft reafon to think thefe obfervations

(which took up above three hours) are pretty accurate.

EX PE-



[ 136 ]

EXPERIMENTS ON THE DIPPING NEEDLE.

At Moofe Fort in Hudfon’s Bay, September 8, 1774, lat.

51° 20' North, long. 82° 30' Weft from London,

variation 17° Weft.

> The index placed Weft.

j
'

y The Index placed Eaft.

'

> The poles reverfed, index Eaft,

'1

y The index placed Weft.

The obfervations were made on fliore. So remarka-

ble difference between them, when I was expedting quite

the reverfe, furprized me as much as the increafed in-

clination of the needle from obfervations made nearly

in the fame parallel of latitude in London. I endea-

voured, by drawing a magnetical meridional line with

chalk, and paying the greateft attention to keeping the

inftrument perfe611y fteady and horizontal, to render

thefe experiments accurate, and fulfil the intention of

the Royal Society. E x p e-^

80® 25'

80 15

80 35

79 °

80 30
81 25

80 13
81 13

79 10

80 45

79 5 °

79 10

79 10

80 25

79 45
80 5
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RXPERIMENTS ON THE DIPPING NEEDLE.

At Albany Fort in Hudfon’s Bay, September 14, 1774,,

long. 82° 30' Weft, lat. 52° 22' North, variation 17''

Weft.

o /

80 13

80 25

79 37

79 55

I made a trial of the inftrument at this place, but

having loft the flip of paper on which I had noted the

experiments, I was dubious whether I fhould infert the

above or not. I can only recoiled! thefe four, and am,

not pofitive which way the index flood however, I re-

member that the mean of all the obfervations I made

was fomething Ms than 80°. Time will not permit me.

to repeat the operation during the fhip’s ftay in thefe

parts ; I muft therefore defer it to a future period. Du-

ring the winter, I fhall have frequent opportunities of

amuftng myfelf this way; and the refpedi I bear the

Royal Society, makes every fervice I render to that il—

luftrious body an additional happinefs to

Their devoted fervant,.

,
Albany Fon, THOMAS HUTGHINSf

September 17, 1774.

O B S E R
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OBSERVATIONS ON HOY, I774.

Month. Hour. Barome-
ter.

'1 hermo-
metcr.

Weather. Circumftances.

1774-
June 1 1. 0 ii; 28,63 59 Clear. On the top of the hill.

0 30 28,60 561- Foggy. Ditto.

4 15 30,22 ^3 Clear. At low water mark.

Hoy Is a remarkable high hill near Stromncfs, in the Orkneys, and is placed

by Mr. MACKENZIE in lat. 58° 58' North, and long. 3° 30' Weft from London.

The two firft obfervations were made on the higheft part of tlie hill. Soon after

the firft, a fog was feen below ariftng from the water, at-length it reached the

fummit of the hill
; the air feemed very raw and cold to the touch, and the ip-

llruments fliewed as in the fecond obfervation. The barometer continued at

28,60 inches after the fog was gone off, but the thermometer rofe two or three

degrees. The laft obfervation was made at low water mark, about half a

mile from the bottom of the hill, thomas hutchins.

“ The height of Hoy alove low-water mark^ according to thefe obfervations Jhould

** be 249,93 fathoms^ or as near as may be 500 yards^ neglecting the correction for

the difference that may befuppofed in the temperature of the quickftlver at the two

**JiationS) the quantity of which is uncertain^ s. horsley.

XV. A
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METEOROLOGICAL JOURNAL
for 1774.

1.

Time. Therm.
without

Therm.
within.

Barom. Rain. W inds.

Weather.
H. M. Inches. Inch. Points. Str.

Jan., I 8 0 26,0 36,0 29,57 W I Froft.

2 30 3 LS 36,5 29,5s
2 8 30 30,8 34,5 29,44 NW I Fair.

3 8 IS 26,0 32,

s

29,765. NNW I Fair.

2 10 32,5 33,0 29,89

4 8 40 24,0 31,0 30,015 sw I Fine.

2 0 32,0 32,0 29.99s wsw. 1

5 8 IS 2Sj8 32,0 30,135 sw I Fog.

4 0 30>o 32,0 30,17s sw I Fog-

6 8 s 34,7 33,0 29,975 sw I Rain.

2 10 41,0 35,5 29,925 ssw I Rain.

8 ^

‘S 3S,7 36,5 29,585 0,596 NNW; 2 , Clear.

2 0 39,0 38,5 29,67 NW I

I- 8 8 IS 2^0 36,0 29,93 ssw I Fpg.

3 IS 36,0 37,0 29,84 E

9 8 IS 37,5 38,0 29,47s 0,956 N I Rain.

2 0 33,0 38,5 ^9,615
j

N I , Snow.

10 8 0 30, S 36,5 29,815 0,340 E I Clear.

2 IS 31,0 36,5 29,835
II 8 0 27,0 33,5 29,735 ENE. I Fine.

.3
0 32,0 34,0 29,70 ;ENE

tn 8 15 28,0 32,0 29,67 ENE I Fair.

2 0 32,5 33,5 29,64 •ENE ir

n 8. Q 32,0 29,44 E by N I Fog.

2 0 34,0 34,0 : 29,325

14 8, IQ 42,0 38,0 28,79 0,184 sw 2 Rain.

2 10 46,0 40,5 28,845 sw Rain.

*5 8 0 41,5 41,5 29,20 0,042 sw I Cloudy.

2 0 44,7 43,0 29,33 NW I

16 8 IS 4S,S 44,0 29,265 0,098 SW I Cloudy.

.2 10 50,0 45,0 29,22 sw Cloudy.

METE
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METEOROLOGICAL JOURNAL

for 1774.

lime. Tlierm.

without

Tlierm.

within.

Barom. Rain. W inds 1 ^

Weather.
H.M. Inches. Inch. Points. Str.

an. 17 8 0 48,5 46,0 29,27 0,010 SW 2 Cloudy, windy night.

2 0 50,5 47)5 28,935 ssw 2 Rain.

18 8 0 34>S 45)0 29)11 0,210 NNE 2 Snow, windy night.

2 0 35>o 50,5 29)34 NE
19 8 0 27,0 39)0 29,895 W by N 2 Pair, windy night.

2 10 34)0 39)0 29)92 NW I Fair*

20 8 0 29»S 35)5 29)75 Eby S I Fog.

2 0 33)0 36,0 29,65 E by S 1 Fair*

21 8 0 30,0 34,5 29)73 E 1 Fair*

2 5 35)0 35)5 29)83 E I Fair*

22 8 0 27)5 33)5 29)76 Eby S I Fair*

2 0 36,0 42,0 29)56 SE I

23 8 0 40,5 38,5 28,99 0,136 SW 2 Cloudy*

3 0 41)0 39,0 29,02 SW I Fair.

24 8 0 35)0 38,0 28,85 SW I Snow.

3 0 39)0 39)0 28,98 SW I t^loudy^

,

25 8 0 30,5 37)0 29,455 wsw 1 Fair.

2 0 36)0 38,0 29)53 wsw I Fair.

26 8 0 32,5 37)0 29)35 000^0 SW . 1 Fair. ;

2 30 39)5 39 )C^ 29,46 wsw I Fair. ;

27 8 0 42,0 39 )
0'

29,50 6,117 SW 1 Rain.

.3 0 48)0 41)5 29,34 SW I Rain.
!

•

i

28 8 0 36)0 42,0 29,51 0,131 SW I |h*’o ti- . I
^

2 10 41,0 43)5 29,56 SW I Fait> !<'

29 ,8 0 37)5 4L5 29,58 0^058 SE I Rain.
;

0 42,5 42,0 29,57 w I Fog.
\

30 8 c 3L 5 40,0 29,88 0,022 w I Fair.
j|

2 41)0 41)0 29,94 NW 1 Fine.
j

3 ^ 8 c 27,0 37)0 30,055 Nby E I Fair. ‘
!

2 c 35)0 38,0 30,07 1 N I Fair.
;

'

U Z METE
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meteorological journal

for 1774,

'lime. i'herai.

without

'Lhcrm,

within.

Barom. Rain. Winds •

W’eatlicr,

H. M. Inches. Inch. Points. Str.

1 8 0 31.0 3<i,0 30,20 NE I Fair.

0 0 32,0 3^,0 29,87 sw I Snow.

2 8 0 24,

S

33 >o 30,225 NE I Fair.

2 0 33 >S 3 S,o 30,28 NE I Fair.

3 8 0 29,0 33,0 30,355 NNE I Fair.

2 0
. 37,0 3^,0 30,36 NE I Thaw.

4 8 30 35>S 3^,S 30,43s 0,114 NE I Fog.

2 10
. 40,0 3^,0 30,46 NNE I 4 haw.

5 8 0 . 29,0 36,0 30,44 E I Fair.

2 0 . .40,0 38,0 30,44 N I Fine.

6 8 0 27,5 3S,o 30,31 W I Fair.

2 10 3^,S 3^,5 30,27 wsw I Fine.

7 8 .c 36,0 36,0 30,04 wsw 1 Fog.

2 0 46,0 39,0 29,9s SWbyW 2 Fair.

8 8 0 41,0 40,0 29,25 0,2 1

1

w 2 Fair.

2 » 0 34,0 39,0 29,55 NW 2 Fine.

9 8 b 25,0 35,0 29,92 w I Fair.

3 15 • 34,0 36,0 29,91 NW I Fine.

10 8 0 32,0 3 S,o 30,00 WSW I Fq§.

2 0 38,

s

36,

S

29,97 S I Ram.
1

1

8 Q 4S,o 40,0 29,41 0,330 SW I Rain, windy night.

2 0 49,0 42,0 29,30 sw I Fine.

12 8 0 40,0 . 41,

S

29,58 0,102 sw I Fair.

3 IS 48,

s

44,0 29,74 w I Fair.

13 8 0 43,

s

4S,5 29,81 0,040 sw 2 Fair, windy night.

2 0 Si,o 47,0 29,87 sw I Fair.

14 8 0 47,0 48,0 29,84 ssw I Fair, windy night.

2 10 S2,o 50,0 29,74 ssw I Fair.

IS 8 0 4S,o 48,0 29,74 0,185 ssw 1 Fair.

2 0 So,o S4,o 29,56 ssw 2 Fair.

j6 8 0 48,

s

49,0 29,19 0,079 ssw 2 Rain, windy night.

2 5 47 ,

S

50,0 29,20 sw 2 Rain.

METE-
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for 1774.

Time. Therm.
without

Therm.
within.

1

barom. Rain. Winds.

Weather.
H.M. Inches. Inch. Points. Str.

Feb. 17 8 0 40,0 47.0 29.43 0.057 sw 2 Fair.

2 0 44.5 47.5 29.55 wsw 2 Fine.

18 8 0 3^.0 44.5 29,88 sw I Fair.

2 40 48,5 46,5 29.93 w I Fair.

19 8 0 40.

5

44.5 3O5O9 ssw -I Fair.

2 0 47.5 46,0 29,96 s I Fair.

20 8 0 38.5 45.0 29.97 0,200 sw I Fair.

2 0 48,0 47.0 30.04 sw I Fine.

21 8 0 43.0 45.5 29,66 s 2 Fair, windy night.

2 15 45.0 47.0 29.45 wsw 2 Kain.

22 8 0 39^0 44.0 29,90 0.195 ssw I Rain.

2 0 46,0 45.0 29,61 ssw 2 Rain.

23 8 0 45.0 46,0 29.47 0,127 sw I Fair, windy night.

2 40 50,5 48,0 29.39 ssw I Ram.
24 8 0 40,5 47.5 29,16 0,170 sw 3 Fair, windy night.

2 0 49,0 49.0 29.30 wsw 3 Fair.

25 8 0 39^5 46.5 29,26 o,oqo E I Rain, windy night.

2 0 40,5 46,0 28,95 N I Rain.

26 8 0 34.5 42.0 29.55 0,280 w by N I Fair.

2 0 41.0 43.0 29,68 w by N I Fine.

27 8 0 33.0 40,0 30,07 wsw 1 Fair.

2 O' 44.5 41.5 30,15 w I Fine.

28 8 O' 44.5 44.0 29,80 0,180 sw 2 Rain, windy night.

2 0 52.0 45.5 29,68 sw 2 hair.

METE
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meteorological j o u r n a

l

for 1774.

Time. Therm.
without

Tlierm.

within.

Barom. Rain. Winds

Weather.

H.M. 1 nches. Inch. Points. Str.

Mar. I 8 0 37,0 43 'S 29,85 0,043 WSW I Fair.

2 0 46,0 46,0 29,93 W 2 Fair.

2 8 0 37>S 42,5 29,57 sw ! Fair.

2 0 -40,0 43,5 29,46 WSW T Fair.

3 8 0 33>5 40,5 29,56 0,083 w I P'air.

2 0 43,5 43,0 29,615 NXV 1 Fair.

-4 8 0 37,5 43,5 29,33 0,020 SE I Rain.
2 20 49,0 46,0 29,16 S'v I Fair.

5 8 0 41,0 44.0 29,155 0,127 sw I Fair.

2 0 45,5 45,0 29,14 svv 1 Rain.
6 8 0 44,0 45,0 29,34 0,410 sw^ I Fair.

2 40 54,5 48,0 29,44 sw I Fair.

7 30 50,0 48,5 29,54 0,142 sw 2 Rain, windy nis:ht

2 0 51,0 51.0 29,61 sw 2 Rain.
8 7 30 52,0 51,5 29,60 0,328 sw 2 Rain.

2 0 47,5 52,0 29,73 N 2 Rain.

9 7 30 39,5 47,5 29,94 0,220 NE 2 Rain.
2 40 40,0 46,0 29,81 NE 2 Rain.

10 7 30 35,0 41,5 29,90 p 00 NE 2 Fair.

2 0 39,0 48,0 29,89 NE 2 Fine.

•II 7 30 34,0 41,5 29,87 NE 2 Fair.

2 IS 42,0 43,5 29,81 NE 2 Fair.

12 8 0 30,0 39,5 29,74 NE I Fair,

2 0 44,0 42,0 29,74 NE 2 Fine,

13 8 0 36,0 40,0 29,97 ENE 1 Fair»
2 0 41,0 41,5 30,01 E I Fine,

7 35 3LS 39,0 30,06 NE I Fair,

i
15 7 30 3L5 38,0 29,93 NE I Fair,

i
2 0 47,0 46,0 29,88 ESE I Fine.

1 j6 7 35 32,0 40,0 29,765 ENE I Fog.

i 2 0 50,5 50,0 29,69 ENE I Fine.

METE
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M-ET^.OROLOGI CAL JOURNAL

for, 1774.

^ :

Time. Therm.
without

.Therm.

within.

Barom. Rain.

;

Winds •

Weather.
H. M. Inches^ Inch. Points. Str.

Mar. 1

7

7 30 37.5 43.0 29,62 ENE I Fair.

2 0 60,0 47.0 29,61 3SW I Fine.

18 7 30 48,0 49.0 29.55 S 2 Fair,

2, 0 56,5 52,0 29.52 SSE I Fine.

19 7 30 45.5 49jS 29.49 0,010 SE I Fair.

2 0 57.5 54.0 29.55 SE I Fine.

S 20 7 35 45.0 49.5 29.73 - NE 1 Fait.

2 0 55.5 53r5 29,78 E I Fine.

21 7 35 41.5 49.5 30.01 NE 1 Fair.

2 0 54.0 52,0 30.09 N I Fine.

22 7 30 40,5 49.0 30,30 NE I Fair.

2 0 50,0 51.0 30.31 NNE I Fine.

23 7 40 42,0 48,0 30.30 N I Fair.

2 0 46,5 49.0 30,30 NNE 1 Fair.

24 7 30 41.5 47.5 30.33 0,010 E by N I Fair.

2 15 54,0 57.0 30.33 NE I Fine.

25 7 0 37.5 47.5 30.22 NNE I Fog.

2 30 53.0 50,0 30.12 NE . I Fine.

26 7 25 37.5 47.0 30.065 S I Fair.

2 0 56.5 50,0 30.05 wsw t Fine. -

27 7 40 41.0 48.0 30.07 ssw I Fair.

2 0 59.0 52,0 30,01 s I Fine.

28 7 20 46,0 50,0 29.94 NE I Fine.

2 15 60,0 61,5 29,99 NE I Fine.

29 7 25 43.0 44.0 30.10 NEbyN I Fine.

2 0 57.0 52,5 30.09 NEbyN 1 Fine.

30 7 30 41.5 52,0 30.05 N I Pine.

I 45 55.0 56,0 29,98 SW byS I Fine.

31 7 30 38,0 49.0 29,90 NE 0 Fog.
2 0 59^0 56,0 29.725 1

SE 0 Fine.

METJi-
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for 1774.

Time. Therm.
without

Therm.
within.

Barom. R.ain. Winds.

Weatfier.

H. M. Inches. Inch. Points. 3tr.

Apr. I 7 20 44,0 50,0 29,65 E I "ine.

2 0 54.0 52,0 29,58 E 2 2ine.

2 7 0 42,0 48,5 29,41 E I Fine.

2 0 53^0 51,0 29,48 E I "ine.

3 7 15 4&j5 48,5 29^35 S I Fine.

2 0 54.0 52,0 29,33 SSE 2 Fair,

4 7 0 43.0 47,0 29,50 0,415 SW 2 Fine.

2 0 53.0 52,0 29,68 SW I Fine.

5 7 0 42,5 48,0 29,78 ssw I Rain.

2 0 52,5 50,5 29,765 ssw 2 Fine.

6 7 0 43.5 48,0 29,575 0,122 s 2« Rain. ,

2 0 50,0 50,0 29,37 s 2 Rain.

7 7 0 44,0 48,5 29,35 0,188 S by w I Fair.

2 0 53,0 51,0 29,36 s 2 Ram.
8 7 0 43,0 48,5 29,39 0,130 s I Fair.

2 15 51,5 51,0 29,45 ssw I Fair.

9 7 0 36,5 47,0 29,56 NE I Fog.

2 0 52,0 49,5 29,56 N I Fair.

10 7 10 44,0 48,5 29,625 W I Fair.

2 0 60,0 5^»5 29,69 SSW 1 Fine.

1

1

7 0 48,0 50,5 29,805 s I Fair.

2 0 57,5 53,5 29,90 SE I Fair.

12 7 0 51,0 53,5 30,05 SSE I P ine.

2 0 65,0 58,0 30,105 SE I Fine.

13 7 0 46,0 53,0 30,185 N I Fine.

i
2 c 1 62,0 58,0 30,21 ENE 2 Fine.

14 7 0 45>5 51,5 30,24 NE 2 Fair.

- 2 0 51,0 53,5 30,21 NE I Fine.

15 7 0 45,0 50,0 29,98 NE I Fair. >

2 c 48,5 5^,0 29,88 NE 2 Fair.

16 7 c 42,5 49,0 2Q,8a NE 1 I'air.

2 c 48,5 I
50,0 129,79 N hv E I Fair.
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Time. rherm.

without

Therm.
within.

Barom. Rain. Winds.

W'eatlier.

H.M. Inches. Inch. Points Str.

Apr. 17 7 25 42 0 48,0 29,875 SW I Fair.

2 0 53P 50,0 29,88 wsw I Fair.

18 7 0 47 j 5 50,0 29,63 0,082 SW I Fair.

2 15 5 L5 52,5 29,58 WNW I Fair.

19 7 0 38,0 46,0 29,80 0,065 NW 2 Fine.

2 0 49 >0 48,0 29,785 w 2 Fair.

20 7 0 42,0 46.5 29,74 NW I Fair.

2 0 50,0 48,5 29,81 NNE I Fine.

21 7
0 38,0 45,0 30,08 W I Fine.

3 0 54,0 49,0 30,08 w I Fine.

22 7 0 50,0 50,0 30,04 wsw I Fine.

2 0 57,0 52,5 30,06 wsw I Fair.

23 7 0 51,5 53,0 30,11 wsw I Fine.

2 0 67,0 58,0 30,17 wsw I Fine.

24 7 30 54,0 55,5 30,175 w I Fair.

2 0 65,5 59,0 30,17 W by S 2 Fair.

25 7 0 51,0 57,5 30,08 0,005 SW I Rain.

2 0 65,0 60,0 29,87s SW I Fine.

26 7
0 46,0 56,0 29,65 0,035 w 2 Fine.

2 0 55,0 ^56,0 29,615 w 2 Fine.

27 7 0: 39,0 50,0 29,605 w I Fine.

2 0 53,0 52,0 29,62 w I Fine.

28 7 0 44,5 49,5 29,71 N I Fair.

2 0 43,5 49,0 29,71 N 2 Rain.

29 7 0 46,5 49,5 29,86 0,200 NW I Rain.
C 2 IS 55,5 51,5 29,90 Nby W I Fair.

3° 7 0 SO, 53,0 29,925 N I Fair.

2 0. 58,5 55,5 29,98 NE I Fair,
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, Time. Therm. Therm. Barom. Rain. W inds.

without within.

Weather.

H. M. Inches. Inch. Points. Str.

May I
7 0 46,0 52,5 30,005 NE 2 F air.

2 0 55,0 29,97 NE 2 Fine.

2 7 0 50.0
60.0

53^0 29,58 0,020 NE I Cloudy.:

2 30 56,0 29,43

29,38

SSW 2 Cloudy.

3 7 10 SLO 55,0 NW I Cloudy.

2 0 57^0 56,5 29,46 wsw I Rainy.

.4 7 0 49,0 54,0 29,635 NE I Fine.

2 6 63,0 60,0 29,65 ENE 2 Fine.

5 7 0 45,0 52,0 29,52 0,140 NE I Rainy, ,

6 7 0 48,0 53,5 29,53 0,043 NE 1 Fine.

2 0 S4,S 55,0 29,58 E I Fair.

; 7 7 0 46,0 5 L5 29,8,4 0,363 NW I Fair.

2 0 565O 53,5 29,97 w by N I Fine.

8 7 30 47.5 5 L 5 30,13 ENE I Fair.

2 0 63^0 55,0 30,11 SSE I Fine.

9 7 0 52,0 54,5 30,105 0,042 E I Fair.

2 0 66,5 58,0 30,09 E I Fine.

}
.

10 7 0 55,5 56,5 29,96 NE I Fair.

2 0 68,0 60, s 29,91 ENE I Fine.

^ 1

1

7

2

0

0
53 ^°
60,0

s8,o

60,5

29,85

29,89

0,048 ENE
NE

2

r

Rain.

Fine.

1
' 12 7 0 S2 r5 57,5 29,97 0,088 N I Fair.

2 0 65,5 61,0 30,01 N I Fine.

I
'

13 7 0 48,0 57 ,
0 ' 30,12 N I Fair.

2 0 64,0 60,0 30,13 N I Fine.

14 7 0 52,0 57,5 30,12 NE I Fine.

2 0 69,0 61,5 30,12 NE I Fine.

15 7 20 53>o 57,5 30,1^ •NE I Fine.

2 0 66,5 60,5 30,11 NE I Fine.

16 7 0 46,5 56,0 30,

1

7 <; NE 2 Fine.

2 15 56,5 57,0 30,175 NE I Fine.
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Time. Therm.
without

Therm.
within.

Barom. Rain. Winds.

Weather.
H.xM. inches. Inch. Points. 3tr.

May 17 7 0 48,0 54,0 30,12 NE I "ail*.

2 0 52,5 55,0 30,15 NE I Fine.

18 7 0 45;0 5L5 30,15 SSE I Fine.

2 0 50,5 5L5 30,15 NE I Fair.

19 7 0 47jO 51,0 30,155 SVv^ I Fair.

2 0 61,0 55,0 30,15 N byW I Fine.

20 7 0 52,0 54,5 30,15 E I Fine.

2 0 63>o 57,5 30,09 E 1 Fine.

21 7 0 54,0 55,5 29,75 E I Fair.

2 0 59,5 57,5 29,61 E I Fair.

22 7 10 5«,5 59,0 29,35 ssw I Fine.
^

2 0 65,0 61,0 29,34 SSE I Fair.
;

23 7 0 53,0 58,5 29,34 s I Fair. ^

2 0 54,5 59,0 29,34 S by E I Rain

24 7 0 53,5 57,0 29,52 0,156 S by E I Rain.

2 0 64,0 59,5 29,55 SSW I Fair.
;

25 7 0 50,5 57,0 29,74 0,121 NW 1 Fair.
I

2 0 58,0 59,0 29,73 NW I Cloudy. .

26 7
0 47,0 55,0 29,925 0,093 N 2 Cloudy. !

2 0 53,0 55,5 29,99 N 2 Fair.
1

27 7 0 45,0 51,0 29,96 0,076 NNW 2 Cloudy. :

2 0 56,0 53,5 29,99 NNW 2 Fair.

28 7 0 47,0 51,5 30,05 0,064 NW I Fine.

I 45 55,0 54,0 30,05 NNW I Fair.

29 7 15 48,0 52,5 30,02 0,059 NW I Cloudy,

2 c 50,5 53,5 29,92 NW I Rain.

3c 7 c 47,0 51,5 29,79 0,050 sw I Cloudy. (

2 c 61,5 55,0 29,80 sw I Fine.

3^ 7 C 5L5 54,0 29,81 0,050 S by E I Rain.

2 c 66,5 1
615O 129,81 SW I Fine.

, ^ ,
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Time. Therm.
without

Therm.
within.

Barom. Rain. Winds.

Weather.
H.M. Inches. Inch. Points. Str.

June I 7 0 55.5 59.0 29.93 0,050 SSW I F ine.

2 0 69>5 63.0 29.95 SSE 2 Fine.

2 7 0 63 >o 62,0 29.93 0,046 S 2 Fair.

2 0 66,0 63.5 29.92 S 2 Fine.

3 7 0 565O 61,5 29.97 0,854 SW 1 Fine.

2 15 66,0 63.5 29,88 sw I Fair.

4 7 0 60,0 29.65 WNW I Rain.

4 3Q 54.5 51.0 29.65 NNE I Rain.

5 7 0 57.0 60,0 29,69 0,204 WNW I F ine.

2 0 62,5 62,0 29.74 NW I Fine.

6 7 0 56.0 60,5 29,68 0,130 S I Fair.

2 0 67.0 63.5 29,68 E I Fine.

7 7 0 54.5 6i,o 30,10 NNW I Fine.

2 0 72,0 64.0 30.17 NNW I F^'ine.

8 7 10 57.0 62,0 30.34 SE 0 Cloudv.

2 0 68,5 64.5 30.34 NW I Fine.

9 7 0 65.0 65.0 30.255 W I Fair.

2 0 75.5 68,5 30.24 W I Fine.

10 7 0 61,0 66,0 30.21 NE 0 Fine.

2 0 6a.o 67.0 30,18 E 0 F’air.

1

1

7 0 61,5 64.0 30,04 SW 0 Fair.

2 0 7 1 .O 67.5 29.95 E r Fair.

12 7 0 56,0 62,0 29.75 E I Fair..

2 0 65.0 65.0 29,66 E I Cloudy.

*3 7 0 59^5 64.5 29,60 N 2 Fine.

2 0 70,0 66,0 29.74 WNW 2 Fine.

14 7 0 58.0 64,0 29,96 SW i F'air.

2 0 72.0 67,0 29.97 SW 2 Fine.

15 7 0 66,5 67,0 29.85 s I Fair.

2 0 77.0 70,0 29.84 sw I Fine.

16 7 0 62,0 68,0 29.96 s I Fine.

2 0 74.5 69.5 29.99 sw I Fine.
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Time. Therm
without

Therm.
witliin.

Baiom. Rain. Winds.

Weather.
H.M. Inches. Inch. Points. Str.

June 17 7 0 63^0 66,0 29.99 0,060 SE I Rain.

18

2 0 74.5 71,0 29.93 W I Faiiv

7 0 57.0 65.0 30,01 0,170 SW I Fair.

2 0 70,5 68,5 30.07 W 1 Fine.

19 7 30 60,5 66,0 29.90 SE I Fine.

2 0 74.5 69.0 29,84 S I Fine.

20 7 0 60,0 65.5 29.475 0,0 1
9- S by W I Rain.

2 0 65.0 67.0 29.47 S by W 2 Cloudy.

21 7 0 56,0 63.5 29.54 0,050 SW I Cloudy.

2 10 61.5 64,0 29,64 0,510 s I Rain.

22 7 0 54.0 60,0 29.85 N.NE I Cloudy.

2 0 59.5 62,0 29.90 NW I Cloudy.

23 7 0 54.0 61,0 29.94 0,037 W I Cloudy.

2 0 61,0 61,5 29.98 SW I Cloudy.

24 7 0 60,0 61,5 29,92 wsw I Fair.

2 0 69.0 64.0 29.97 SW I Fair.

25 7 0 61,0 63.5 30.03 ssw I Fair.

2 0 72,0 67,0 30.00 ssw I Fair..

26 7 0 67,0 66,5 29.92 SW I Fine.

2 0 77.5 70,0 29,92 SW I Fine.

27 7 0 62,5 / 68,5 29,90 SW I Fine.

28
2 0 69,0 69.5 29.8^7 SW I Fair.

7 0 60,5 66,5 29,78 0,026 ssw 1 Cloudy.,

2 30 69 67.5 29,80 SW 2 Fair.

29 7 0 59.5 65.5 29.93 0,028 wsw 2 Fine.

2 10 67,0 65.0 29.94 SW 2 Fine.

30 7 0 5^.5 62,5 29.83 0,089 SW 2 Cloudy..

2 10 67.0 65,0 29,88 ssw 2 Fair.
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T line. Therm.
without

Therm.
within.

Barom. Rain. Winds •

W’eather.
H. M. Inches. Inch. Points. Str.

July 1 7 0 63,0 30,00 svv I Cloudy.
2 0 73>5 69,5 30,01 SW I Fine.

2 7 0 62,0 65,5 30,10 S I Fair.

2 0 76,0 69,0 29,92 SW I Fine.

3 7 0 61,0 67,5 29)71 S I Cloudy.
2 0 75*5 70,5 29,74 SVV 2 Fine.

4 7 0 60,0 67.0 29,84 SW I Fine.

2 0 68,5 68,5 29,88 SW 2 Fine.

.5 7 0 59)0 65,0 29,98 0,045 SSW I Fair.

2 0 68,0 67,0 29,92 ssvv 2 Fair.

6 7 0 58,0 65,0 29)77 0,178 wsw I Fine.

2 0 ^ 3)0 65,0 29)75 wsw 2 Fine.

7 7 0 5^)0 62,0 30,04 0,208 w 1 Fair.

2 0 72,5 66,5 30,05 wsw 1 Fine.

8 7 0 64,0 63)0 29)93 SSE i Fine.

2 3° 68,5 66,0 29,92 SSE I Fair.

9 7 0 57)5 64)5 29,98 0,060 SW I Fine,

2 0 64)5 66,5 29)99 SW 2 Rain.

10 7 20 59)0 63,0 29)99 0,226 SSW I Fine.

2 5 69)0 65,0 29,92 SSW I Fine.

1

1

7 0 59)5 64,0 29,96 0,062 SW I Fair.

2 0 60;5 64,0 29,99 NW I Rain.

12 7 0 58,0 63)0 30,03 0,130 SW I Fair.

2 0 67)5 65,0 29^8 SW 2 Fine.

13 7 0 61,0 64,0 29,7 7 0,053 wsw I Fair.

2 - 0 68,5 66,0 29,90 WNW I Fair.

14 - 7 0 .^IjO 64,0 29,61 0,282 SSW I Cloudy.
2 10 63,0 65)0 29,80 NW 2 Fine.

^5 7 0 58,5 63)0 30,08 0,039 NW 2 Fine.

- 2 0 69,0 65,0 30,19 NW 2 Fine.

16 7 0 56,5 62,0 30,32 NW I Fine.

2 71,0 6 T, *5 30,30 NW I Fine.
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Time. Therm.
without

Therm.
within.

Barom. Rain, Winds.

Weather.
H.M. Inches, Inch. Points. Str.

July 17 7 20 . 60,0 3°:235 WSW I Fine.

2 20 68,5 67,0 30,21 sw I Fair.

18 7 0 60,0 655O 3O5I9 WNW I Fair. \

2 0 68,0 67,0 30,21 WNW I Fair.

19 7 0 S 9;S 63^5 30,16 SW I Fair.

2 0 66,0 65^5 3°jOS- WSW 2 Fair.

20 7 0 585S 61,

s

29,87 0,168 WNW I Fine.

2 0 64,0 64,5 29,92 NW I Fine.

21 7 0 55^5 60,0 3°>o3 0,063 SW I Fair.

2 0 70.5 64^5 30^03 SW I Fair. _

22 7 0 57P 62,5 30,26 0,102 N I F air.

2 0 67jS 65,0 30.33 N by E I Fine. ,

23 7 0 63.0 65,0 30^36 WSW I Fair.

2 0 77 ;S 68,0 30.33 S by W I Fine.

24 7 0 60,0 66,5 30,22 S 0 Fine.

2 0 77>5 69,0 30.14 S by W 0 Fine.

25 7 0 63,0 68,5 30.07 S 0 Fair, .

2 0 81,0 72,0. 30.05 S by E 0 Fine.

26 7 0 63,0 70,0 29.92 NE I Fine.

2 0 83.5 73p5 29,78 E by S I Fine. ^

1 27 7 0 61,0 70,0 29.92 o,S4o S by W I Fine. .

2 0 71,0 70,0 29.9s SW 2 Fine. .

5 28 7 0 58,0 6S)0 29,88 0,192 WSW I Fine.

2 0 69^5 68,0 29,92 SW I Fine.

29 7 10 62,0 655O 29.83 0,045 WSW 2 Rainy.

2 0 68,0 68,0 29.79 sw 2 F aii%

30 7 0 60,5 66,5. 29,94 0,045 w I Fine.

2 0 72,5 69,0 30,01 NW I Fair.

... 31 7 IS 60,0 66,5 30,01 W by S I Fair.

2 0 70,0 68,0 30-03 NW I Fine.
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rime.rfherm
vithout

I'herm.

ivlthin.

3arom. Rain. W inds.

Weather.

H. M. nches. Inch. Points. Str

Aug. I 7 0 56,5 64,5 3°. 1

2

0,068 ;M by W Fair.

2 0 69,0 67’5 3°. 20 NNE 1 Fine.

2 7 0 53>5 63,0 30.32 NNE I Pine.

2 0 67,0 64j5 30.31 SE I Fine.

3 7 0. 55 0 62,5 30,22 S by W I Fine.

2 0 73’0 65,5 30,15 N I Fine.

4 7 0 59i° 65,0 29,96 0,030 E by N 2 :‘'air.

2 0 6B,5 68,0 30,02 NE I i^air.

5 7 Q 56,5 64,0 29,88 1,002 NE 2 ^ air.

2 Q 62,5 65’5 30,00 NW I Fair.

6 7 0 59>o 63’5 30,09 0,042 sw I Cloudy.

2 0 73^0 68,0 30,095 WSW 2 "ine.

7 7 0 66,0 30,09 WSW 2 Fine.

2 0 >78,0 7°’5 30,11 WSW 2 Fine.

8 7
0 6j,5 67,0 3°’i^ N I Fair.

2 0 77 >o 73.0 3°.°4 E by S 1 Fair.

9 7
10 67i5 7°’5 29,81 S I Fair.

2 0 77»5 74.0 29,80 WSW I Fine.

10 7 0 57 i° 68,5 29,88 WSW I Fine.

2 0 69,5 68,5 29.91 W I F'air.

11 7 0 54.0 63.0 30,08 0,138 SW 1 Fine.

2 0 69,0 66,0 30,17 WSW I Fine.

12 7 .0 54j5 62,0 30,22 sw 1 Fine.

2 x: 69,0 66,5 30.23 NW I Fine.

13 7 c 59 i° 62,0 30,20 sw I Fair.

2 3^ 7 L 5 68,5 30,20 w I Fine.

M 7 c 59 ’° 69.5 30,02 sw 1 Fine.

2 c 73 >° 68,5 29,92 sw I Fine.

li 7 c 59 ’° 65.5 29,68 0,106 ssw I Fine.

2 c) 68,0 67.5 29.63 ssw 2 Fair.

16 7 c^ 59’° 64.5 29,81 0,065 SE '

I Raia.

2 c) 70,0 67,0 129.63 s
1
2 Fair.

METE-
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Time. Therm.
vvithout

Therm.
within.

Barom. Rain. Winds.

Weather.
H.M. .nches. Inch. Points. 3tr.

Aug. 17 7 0 58,0 64,0 29,68 0,048 W by S 2 Fine.

2 0 69>5 66,0 29,84 W 2 Fine.

18 7 0 56,5 63,5 29,97 wsw I Fine.

2 0 S7>o 64,0 29,99 sw I Fine.

19 7 0 55^5 f)2,5 30,19 N by E I Fair.

2 0 7LS 66,5 30,21 SE I Fine.

20 7 0 60,0 63,5 30,14 E by N I Fine.

2 0 7i>5 69,0 30,10 ESE 2 Fine.

21 7 0 62,5 66,0 30,04 SE I Fine.

2 0 77»o 68,5 30,03 SE I Fine.

22 7
0 61,0 66,5 29,98 ENE I Cloudy.

2 0 69.5 68,5 30,00 NNE I Fair.

23 7
0 59 >o 66,0 30,11 N I Cloudy,

2 0 68,0 68,0 30,15 N 1 Fair.

24 7
0

.
56,0 64,5 30,17 NNE I Cloudy,

2 0 655O 65,0 30,16 Nl.yE I Cloudy.

25 7 0 57,5 63,0 29,93 Eby N I Fair.

2 0 73>o 66,5 29,795 S I Fine.

26 7
0 59,0 65,0 29,55 0,544 W bv S I F air.

2 0 70,5 67,5 29,62 SW 1 Fine,

27 7 0 55,5 64,0 29,56 0,291 W by S I Fine.

2 0 h 3,o 66,0 29,64 NW I Thunder.

28 7 0 57,0 52,5 29,535 0,293 S by E I Cloudy.

2 0 62,5 63,5 29,38 W by S 2 Fair.

29 7 0 52,0 60,5 29,64 0,453 SSW 1 Fine.

2 30 57,0 61,5 29,72 S by W I Fair.

3^ 7 c 58,0 60,5 29,80 0,165 S by W I Rain

2 c 67,0 63,0 29,62 SW 2 Cloudy.

31 7 c 63.5 64,0 29,82 0,095 S by W 2 Cloudy.

2 c 67,0 66,0 2Q.86 SSW 2 Fair.
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Time. Therm.
without

Therm.
within.

Barom. Rain. Winds.

Weather
H. M. Inches. Inch. Points. Str.

Sept. I 7 0 64,5 66,5 30,01 0,022 ssw I Cloudy.

2 0 67,5 69=5 30,02 S'vV Fine.
0

7 0 64,0 67=5 29=825 s I Fair.

2 0 68,0 69,0 29=90 I Fair.

3 7 0 53 >o 64=5 30,09 0=045 ssw I Fair.

2 0 70,0 67,0 29=96 ssw I Fine.

4 7 0 61,

S

64,0 29,85 sw I Fine.

2 0 73=0 68,0 29,81 sw I F ine.

5 7 0 52,0 61,5 30,00 0,041 W by N I Fine.

2 0 68,0 64=5 30,03-; W 1 Fine.

6 7 0 60,5 62>5 29=83 0,068 S by W I Cloudv.
2 0 70,0 67=0 29,90 WNW I F'air.

7 7 c 54>o 61,0 30,05 0,346 NW I Cloudy.
2 0 62,0 62,5 30,11 NNW I Fair.

8 7 0 45=5 53=5 30,27 NNE I Fine.

2 0 57=0 56=5 30,28 N by E 1 Fine.

9 7 0 42=5 49=5 30,^5 NNE I Fine.

2 0 60,0 55=5 30,08 N by E I Fine.

10 H
/

0 50=5 54=5 30,06 E l)y N I Fine.

3 0 67,0 58=5 30,04 SSW I Fair.

1

1

7 0 52=5 57=5 30,01 0,1 16 WSW I Fine.

2 0 66,0 61,0 30,01 W by S I Fine.

12 7 0 53=0 60,0 29,625 0,176 SSW I Fine.

2 0 59=0 61,5 29=55 W by S I Cloudy.

13 7 0 54,0 59=0 29=405 SE I Cloudy.
2 0 5*^=0 61,0 29=58 E by N I Rain.

14 7 0 5L 5 57=0 29=77 0,097 NNW I Cloudy.
2 0 61,0 64,0 29,80 NW I Cloudy.

15 7 0 55=0 58=5 29,80 N I Cloudy.
2 0 61,5 60,5 29,87 N by E 2 Fine.

16 7 0 50,0 57=0 29=83 W I F'air.

2 0 58,0 - 58=5 29,82 N I Fine.
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Time. Therm.
without

Therm.
within.

liarom. Rain. Winds.

Weather.

H.M. Inches. Inch., Points. Str.

Sept. 1

7

7 0 5 LO 56,5 29,92 0,179 N I Fine.

2 0 61,5 59^5 29,95 Nby E I Fine.

18 7 0 53P 57,5 30,03 NNE I Fair.

2 0 61
,

5

60,0 30,08 NE I Fine.

19 7 0 43>S 54,5 29,98 NE I Fine.

2 3° 64,0 5 B ,5 29,87 S 1 Fair.

20 7 0 4B,5 56,0 29,68 0,309 WNW I Fine.

2 0 59^5 58,5 29,75 WbyN 1 Fine.

21 7 0 52,0 56,0 29,68 ssw I Fair.

2 0 5 B>o 58,0 29,565 SSE 2 Rain.

22 7 0 48,0 55,5 29,48 0,468 SSE I Fine.

2 0 59^5 58,0 29,29 S by W 2 Fair.

23 7 0 54>o 57,0 29,11 0,244 S by W 2 Fine.

2 0 58,5 59,0 29,28 S 2 Fine.

24 7 0 SS>o 58,0 29,40 0,235 SSE I Fine.

2 0 64,0 60,0 29,42 SE I Fair. Thunder about 9 P.M.

25 7 30 53’5 58,5 29,50 0,69s W I Rain.

2 0 59^5 60,5 29,53 W I Rain.

26 7 0 53’S 59,° 29,56 0,108 SSW I Cloudy.

2 0 5 ^’S 60,0 29,64 wsw I Fair.

27 7
‘ 0 47>o 57,0 29,87 0,076 NNE I Fog.

2 0 59’S 59,° 29,90 E I Fine.

28 7 0 53^0 56,5 29,78 0,018 S by E I Rain.

2 40 ^6,0 57,5 29,71 SE I Rain,

29 7
0 .5O5O 56,0 29,68*^ 0,236 S I Fine.

2 0 62,0 59,0 29,65 E I F air.

30 7 0 53^5 58,0 29,53 0,264 S I I ine.

2 0 56,0 59,5 29,53 S by W I Rain.

Y 2
I
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Time, Therm.
without

Therm.
vvitlrin.

Barom. Rain. Winds.

Weather.
H.M. Inches. Inch. Points. Str.

oa. I 7 0 49,0 57,5 29,47 0,347 S I Fine.

2 0 61,0 29,44 SW I Rain.

2 7 20 53>5 57,5 29,40 0,354 SW I Fine.

2 0 57,0 59,0 29,52 NW I Fair.

3 7 0 42,5 53,5 30,12 0,054 W I Fine.
0 0 56,0 55,5 30,22 NW I Fine.

4 7 0 43,5 52,0 30,38 SW I Fine.

2 0 ‘i9,o 55,0 30,41 SbyW I Fine.

5 7 0 50,5 54,0 30,43 S I Fine.

2 0 60,5 57,5 30,42 STy W I Fine.

6 7 0 52,0 54,0 30,27 SE I Rain.

2 0 64,0 58,0 50,23 SW 1 Fine.

7 7 0 53,0 57,5 30,32 WSW 0 Fair.

2 0 64 s 60,5 30,37 W 0 Fine.

8 7 0 44 , S 56,0 30,57 s 0 Fine.

2 0 57,5 57,5 30,57 NE 1 Fine.

9 7 40 43,0 53^0 30,49 NE I Fair.

2 20 57,5 55,0 30,38 S I Fine.

10 7 0 47,0 54,0 30,22 SW I Fine.

2 0 59,0 56,0 30,18 w I Fine.

1

1

7 0 42,5 52,5 30,27 N by E 0 Fine.

2 0 57,5 55,0 30,27 WSW I Fine.

^ 12 7 0 48,5 54,0 30,29 WSW I Fair.

2 0 59^0 56,0 30,30 NW 2 Fine.

13 7 0 50,5 55,0 30,40 w 0 Fair.

2 0 58,5 57,0 30,43 N by E I Fair.

14 7 0 52,0 54,5 30,46 NE I Fair.

2 0 58,0 57,5 30,46 NE I Fine.

IS 7 0 41,5 52,0 30,44 NE I Fine.

2 0 55,0 54,0 30,40 E I Fine.

16 7 20 44,0 51,5 30,39s ENE I Fine.

2 o| 57,0 53-5 .30,24 SE I Fine.

METE-
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rime. Therm.
without

Therm.
within.

Barom. Rain. Winds.

Weather.
H.M. Inches. Inch. Points. Str.

Oft. 17 7 0 42,5 5 L5 30,12 ENE I Fog.

2 0 54,0 53,5 30,14 S by E I Fine.

18 7 0 47>o 52,5 30,26 S by W I Fog.

2 0 5^>5 55,0 30,23 sw I Fair.

19 7 0 52,0 54,5 30,27 wsw I Fair.

2 0 59>o 5^>5 30,27 sw 1 Fair.

20 7 0 48,5 55,0 30,31 ssw I Fine.

2 0 60,5 59,0 30,28 s I Fine.

21 7 0 44,5 53,5 30,24 N I Fair.

2 0 60,5 5^,0 30,22 S by E 0 Fine.

22 7 0 5O5O 54,5 30,15 S by W 0 Fair.

2 20 60,5 57,5 30,05 SW I Fair.

23 8 0 52,0 56,0 29,95 0,089 NW 1 Rain.

2 0 5O5O 55,0 29,95 SE 1 Rain.

24 7 0 45»o 52,5 29,80 0,246 , NW I Fair.

2 20 54,5 53,0 29,80 S by W 1 Fine.

7 0 41,0 50,0 29,87 SW 1 Fine.

2 .0 5 L 5 5 L5 29,92 NW I Fine.

26 7 0 36,0 47,5 30,10 SW 1 Fine.

2 15 51,5 49,0 30,15 NW 1 Fine.

27 7 0 38,5 46,5 30,15 N 1 Fine.

2 0 52,0 48,5 30,12 N by E 1 Fine.

28
7 0 38,5 45>5 30,11 NNE I Fine.

2 0 49,0 48,5 30,08 NE 1 Fair.

29 7 0 39,0 45,5 29,87 0,076 NE I Cloudy.-

2 0 45,0 47,0 29,74 E by N 1 Fair.

30 8 0 44,5 45,5 29,54 0,010 E by N I Rain.

2 0 49,5 47,5 29,53 E by N I F air.

31 7 0 48,5 49,0 29,50 0,172 E 2 Cloudy..

2 20 54,0 51,0 29,54 ESE 1 Rain.

METE
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rime. rherm.
without

rherm.
vithin.

3arom. Rain. Winds.

Weather.

H. M. Inches. Indi. Points. kr.
1

1

Nov. I 7 0 5 L 5 52,0 29,75 "0 00 10

1
NE ° f 0^.0

2 0 58,5 54,0 29,86 SSE I Fair.

2 7 30 49,0 53,° 30,00 0,030 E by N I

2 0 53^0 53,5 30,00 E bv N I Fair.

3 7 30 52,5 54,0 29,97 SE 0 Fog.

2 0 58,0 29,98 SSW I Fair.

4 7 30 47^5 53,5 30,01 E bv N 1 Fog.

2 20 54,0 54,5 29,96 ENE I Fair.

5 7 30 48,5 52,5 29,71 SE I Fair.

2 0 50,0 52,5 29,56 E I Fair.

6 8 10 47,0 51,0 29,17 0,580 E bv N 2 Rain.

2 15 48,5 51,5 29,20 E 2 Rain.

7 7 30 4L5 47,5 29,51 0,313 E by N I Fair.

2 0 44,0 48,0 29,57 NE 1 Fair.

8 7 30 40,0 45,0 29,455 NNE I Fair.

2 0 44,0 4b,

0

29,44 N 2 Fair.

9 7 30 39 ’° 43,5 29,50 NNE I Fair.

2 30 42,0 44,5 29,53 ENE 2 Rain.

10 7 30 33,0 42,0 29,945 0,034 N I Fair.
.

2 0 41,5 43,0 30,^25 N I Fine.

1

1

7 30 35,0 40,5 3°,°5 NE I Fair.

2 "C 40,0 41,5 29,92 ENE I Little fnmv.

12 7 30 32,5 39,0 29,935 0,063 8W I Fog.

2 0 41,0 41,0 29,86 sw X Fair.

13 7 35 33,0 38,0 30,18 N I Fine.

2 c 40,5 40,0 30,225 NNW I Fine.

14 7 3c 34,0 37,5 30,18 SW 0 Rain.

2 c 41,0 41,0 30,19 hW I Fair.

13 7 3c 42,5 42,0 30,11 S by W Fair.

2 c 49,0 44,5 30.07 wsw I Rain.

7 4c 47,5 46,5 30,06 0,010 SSW I Fine.

1
2 c) 56,0 49,0 30,07 W by S I Fair.

METE”
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Time. i herm
without

Therm
within.

Barom. Ram. Winds.

Weather.
H.M. Inches. Inch. Points. Str.

Nov. 17 7 3 48,0 50,0 30,07 SW I Fair.

2 0 52,5 STO 29,97 SW I Fine.

18 8 0 SLO 5 L5 29,55 0,115 V/ by S 2 Fair.

2 15 44,0 50,0 29,66 W_^ N 2 Fair.

19 7 40 34>S 4-3,5 29,81 NW 2 Fine.

2 0 39^5 4-3,0 29,82 W by N I Fine.

20 8 30 33,0 40,0 29,96 N I Fine.

2 0 39,0 41,0 30,00 N I Fine.

21 7 30 33,5 3^,5 30,11 0,024 N I Fair.

2 0 3(^,5 39,0 30,07 N I Fair.

22 7 30 33,0 37,5 30,00 W by S I Snow.

2 0 34,5 37,5 29,74 SSW I Srvow and Rain.

23 7 30 35.5 39,0 29,865 0, 181 E 1 Fair.

2 20 38,0 4-0,5 29,865 W by S I Fair.

24 7 30 40,0 41,0 29,465 0,081 N by W 2 Fair, much wind laft night.

2 15 35.0 41,0 29, 3B N 2 Ram and Snow.

25 8 0 32,5 37,5 29,635 0,094 NNE I Snow, windy nio'ht.

2 0 36,0 39,0 29,76 N 2

26 8 0 32,5 37,5 29,94 0,020 N I Fair.

2 0 35,5 3^,5 29,98 N I Fine.

27 8 0 3 L5 3^,0 30,14 N 2 Fair.

2 0 35^0 3^,5 30, N I Fair.

28 8 0 32,5 34,5 29,74 S I Snow..

2 0 41,0 36,5 29,48 S I Fair.

29 8 0 33,0 36,5 29,28 SW I Fair.

2 0 39,0 37,5 29,24 SW I Fair.

30 8 0 32,5 36,0 29,31 SW I Fine.

2 30I 3B,S 37,5 29,40 SW I Fine.

METE“
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Time. Therm.
without

Therm.
within.

Barom. lain. Winds.

Weather.

H. M. nches. Inch. Points. 5tr.

I 8 0 36,5 29,57 W by S I Fair.

2 0 37,5 29,62 NW I Pine.

2 8 0 34,0 36,5 29,45 SE I h air.

2 20 40,0 39,5 29,25 SSE I Rain.

3 8 0 45,5 40,5 29,11 0,283 SE I Rain.

2 0 48,0 43,0 29,15 SSE I Rain.

4 8 0 44,5 45,5 29,48 0,068 E I Fair.

2 0 49,0 47,0 29,68 SE I Fair.

5 8 0 43,° 47,0 29,84 0,075 ENE I lair.

2 0 47,0 47,5 29,90 E I Pine.

6 8 0 39,0 43,5 30,13 E I Fojr and Rain.

2 0 35,5 41,5 30,18 NE 2 Fine.

7 8 0 31,° 36,5 30,39 NE I Fair.

2 0 32,0 36,5 30,35 NE I Pne.

8 8 0 28,5 33,5 29,99 N I Fine.

2 0 29,5 34,0 29,88 N I Fine.

9 8 0 25,0 32,5 29,61 NW I Fair.

2 0 27,0 32,5 29,61 NW : Snow.

10 8 0 29,0 30,5 29,34 NE I hair.

2 0 34,0 33,5 29,32 E by N I Rain.

1

1

8 0 45,5 37,5 29,40 0,327 S 2 Rain.

2 0 51,5 41,0 29,54 S 2 Fair.

12 8 0 50,5 44,5 29,71 SSW I Fair.

2 0 53,5 46,5 29,71 SE I Pine.

13 8 0 44,0 47,5 20,08 S 1 Pine.

2 0 49,5 48,5 30,10 SW I Pine.

14 8 0 47,5 48,5 30,02 0,089 W by S 0 Fog.

2 0 50,0 49,0 29,98 SW 0 Rain.

15 8 0 42,0 48,0 29,935 0,927 SW I Fog.

2 0 48,5 49,0 30,09 W by N I r me.

16 8 0 37,5 45,5 30,22 NE I Fog.

2 0 43,5 46,5 30,16 SE I Fair.

METE-
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‘I'inie, Therm. Therm. Barom. Rain. Winds.
without within.

Weather.
H.Ad. Inches. Inch. Points. Str.

Dec. 1

7

8 0 40,5 44,5 30,08 E 0 Fog.

2 3° 44,0 46,5 30,09 ENE I Fog, Email rain.

18 8 0 42,5 44,5 30,22 W 0 Foa:. ’

2 3 <^ 47 >o 45,5 30,26 sw I Fair.

19 8 0 45>o 46,0 30,31 NW I Fog.

2 0 47^5 47,0 30,31 NW I Fair.

20 8 0 39’

5

45,5 30,30 NE I Fog.

2 0 40,0 45,0 30,30 NE I Fair.

21 8 0 37 ’° 42,5 30,21 NNE 0 Fog.

2 0 38,5 42,5 30,19 NNE 0 Fog.

22 8 0 34,° 40,5 30,35 NNE I Fine.

2 0 40,5 41,0 30,42 NNE I Fine.

23 8 0 37 ’° 40,5 30,65 N 0 Fop-.
^ o* .

2 0 40,0 41,0 30,70 N I Fair.

24 8 0 39>5 33,5 30.70 N I Fair.

2 lO 37 ’° 40,0 30,71 NNE I Fine.

25 8 15 27,0 36,0 30,675 W I Fog.

2 0 30^5 36,0 30,65 W by N I Fog.

26 8 0 34,5 36,0 30,65 0,010 W 0 Fog.

2 0 36,5 36,5 30,61 w 0 Fog.

27 8 0 35,5 37,0 30,58 w 0 Fog.

2 0 3^5 37,5 30,56 Why N I Fair.

28 8 0 36,0 37,5 30,47 W 0 Fog.

2 0 39,0 38,5 30,39 w I Fair.

29 8 0 35,0 38,5 30,49 w I Fine.

2 0 40,0 39,5 30,545 w I Fine.

30 8 0 28,0 36,5 30,56 NW I Fog.

2 0 34,0 36,5 30,49 NW I Fine.

31 8 0 27,0 33,5 30,21 W by N I Fine.

2 0 3^,0 35,0 30,04 0,027 W by N I Fair.

z
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Thermometer without. 'I'herm. within. Barometer.

^774 Greatefl Leaft Mean Mean Mean Gi'eateft Lead Mean Created Lead Mean
lieiftht. height. height height whole height. height. height. height. height. height.

A. M. P. M. day.

January 50,5 24,0 30,0 37.7 35.3 50.5 27.0 37.4 30,175 28,79 29.57
Febmary 52,0 24,5 37/^ 43.5 40.5 5°.o 3.3.0 42.4 30,46 29,16 29,806
VIarch 60,0 33’5 39^6 50.5 45.0 61,5 38,0 47.4 30,33 29,14 29,82
April 67,0 3^’5 44,9 54.8 49,8 60,0 45.0 51.3 30.24 29.33 29.786
May * 69,0 4S>o 49D 59.9 54.8 61,5 51.0 55.9 30,175 29.34 29.871
June 77>5 52 jO 59U 68,4 63.7 7 1,0 59.0 64.6 30,34 29.47 29.90
July 83,5 55:5 59>7 70,1 64,9 73.5 60,0 65.9 30,36 29.61 30,00
Augun: 78,0 73>o 58,2 69,2 63.7 73.0 52,5 65.6 30,32 29.38 29.954
September 73 >o 42,5 52,6 62,

1

57.3 69.5 b9.5 59’7 30,28 29,11 29,795
Oftober 64,5 365O 46,0 56,3 51.

1

61.C 45.5 53.6 30,57 29.40 30,13
Movember 58,5 41,0 39.2 43-5 41.3 56,0 34.5 43.7 30,225 29.17 29.807
December 53^5 2S>o 37.3 40,8 39.7 49.0 30,5 40,8 30,71 29,11 30,09

Incb.

The quantity of rain in the whole year was 26,328, or

about 2 6j inches.

FOR'
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FOR THE VARIATION OF THE MAGNETIC NEEDLE-

OBSERVATIONS.

Morning. Noon. 2 P. M., Evening,

Augufl

September

21

22

23
24
25
26

27
28

29

30
31

1

2

3

5.

21 27
21 20

21 28
20

41.

22

21

20 '

IS

34
23
27.

22

41
21

The mean .of all,

Error of inftruinent,

Gorre^ variation,,'

21 38

33

35
32

35
32

33
34.

34
35
36
16

21 37
21 24

33
35

'

32
29
10

15

IS

34.

34 ,

32

33
34

21 IS,

21 18

18

19
20
20.

20
02
14-

12

12

19
18

29

^
... .. .

—Jib

406 393 397 236

21 25 21 33 21 28 21 17

21
10-

21 16W,

How the error of the inftfument was found, will be

fliewn in the next publication.

THE END OF VOL. LXV» PART I*
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PHILO SOPHICAL
TRANSACTIONS.
XVI. An abridged State of the Weather at London in the

Tear 1774, colledied from the Meteorological Journal

of the Royal Society. By S. Horfley, LL,D. Sec, R. S.

LT HOUGH the pra6tice of keeping meteorologi-

cal journals is, of late years, become very general,

no information of any importance hath yet been derived

from it. The reafon of which perhaps may be, that after

great pains and attention bellowed in regiftering particu-

lars, as they occur,with afcrupulous minutenefs,obferver$

have not taken the trouble to form, at proper intervals of

time, compendious abllra6ls of their records, exhibiting

the general refult of their obfervations in each dillindl

branch of meteorology. The following tables are given

as an example of the method that may be taken in fu-

ture to remedy this negiedl. With the general Hate of

the barometer and thermometer, already given at the

end of the meteorological journal, they form a hillory

of the weather at London durmg the lall year. If the

example were to be followed, in different parts of the

kingdom, we might in time be furnilhed with an expe-.

rimental hillory of the weather of our illand.

VoL. LXV B b TABLE
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TABLE I.

An abridged View of the winds at London,
in the Year 1774,

Compiled from the Meteorological Journal of the Royal Society.

N S E W NW S£ NE sw Rain.

January If 0 2 4 4 »3 31 2,958
J Five half clays omit-

1 ted in the journal.

February 1 1

1

1 3 2 0 3i 16 28 2,360

March 2 I 1
1
2

0
0 H 7 i 31 1,780 I

Half of a day milled

L in the Journal.

April 3 2 4i 2 5 8-1 30 1,242

May 3
1

2
oZ
02 0 6 0

0 IO| 4 31 1,413
f An half-day miired

L in tlic Journal.

June 1
2

oZ 2^ 2^ 4 2 i 3 i 30 2,273

July
1
2 2 0 I 6| 2 1 18 31 2,438

Augull 2 If 0 If 2 4 6 14 31 3,340

Septemb. 2j 1 2| 4 3 l 6 9 30 3^917

Oftober r 2j I 2 3 f 3 8 10 31 1,215

Novemb. 7 I ij 0 2| If 7 9I 30 1,586

December 25 2 ‘4l 6 3l 7 f
01
02 31 i., 8o6

25 21 17I 24 43 l 30 74 I26J 26,328

This table fhews the number of days that each wind
blew in each month, dividing the compafs only into

eight points, and reckoning all the winds bemeen N.
and W.j N.W. ; all between S. and E., STl all between

N. and E., N.E. ; and all between S. and W., S,W. The
number of days that each ble%v in all the months being

collected into one fum at bottom, fhe^vs the number of

days each wind blew in the. whole year. The quantity

of rain that fell in each month, is. added, that the con-

ne(5lion between wet and dry, and the leveral.winds may

3 V the
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the more readily appear. It appears that the winds from

the S.W. prevailed more than any other in the year

1774; and next to the S.W. the N.E. But the S.W. was

more frequent than the N.E. in the proportion of 1 26

to 74. Of the winds from the four cardinal points the

North was the moft frequent, and the Eaft the moll rare.

In the three fummer months, June, July, and Auguft,

there fell more rain than in the three of any other fea-

fon. Of the 26,328 inches of rain which fell in the

whole year, 13,842 fell in the winter half-year, con-

fifting of the fix months of September, Odtober, Novem-
ber, December, January, and February, and 12,486 in

the fummer half-year, confifting of the fix months of

March, April, May, June, July, and*Augufl. So that
inch

the winter’s rain exceeded the fummer’s by 1,336; that

is, by little more than -^^th part of half the rain of the •

whole year. September gave the greateft quantity of

rain, and Odlober the leaft of any fingle month in the

whole year.

In colledling the rain of the feveral months, my rule,

with refpedl to what hath fometimes fallen in the night

between the laft day of one month and the firfl: of the

next following, hath been this. When it appears by
the journal, that it was fair on the laft day of the month,

at the time of the afternoon obfervations, I have given

the whole of the enfumg night’s rain to the new month

;

but if it rained on the laft day of the month, at the time

of the afternoon obfervation, I have divided the night’s

B b 2 rain
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rain equally between the new month and the old one.

For inftance, it appears by the journal that 0,043 fell

in the night between the laft day of February and the

firft of March. The whole of this I have placed to the

account of March ; becaufe it was fair at the time of the

afternoon obfervation on the laft day of Februaiy.

Again,, in the night between the laft day of September

and the firft of 0<ftober, there fell 0,347. Half of this

I give to September’s rain and half to 0<ftober’s; becaufe

it rained the laft day of September at the time of the af-

ternoon obfervation.,

TABLE IK. TABLE UK-

Sub-divifton of the S.W.
wsw bWj SSW

1

January 2 9i 13
February 4 7i 4l 16

March 4z T I

. 7i
April 0

0 3 ,

May 1
2 2 4

June I 9 3i I

July 5

Si
9 4 18

Auguft 4l 4 .14
September 2 Si 9
Oftober 2 5 3 10

November 2 ^^2 ‘5 2 9i
December 1 2 1

2 3i

30 62I 34 1261

Sub-divifton of the N.E.

ENL NE iNNE

January 2|
1
2 I 4

bcbruary 0 I
ol
0 2

Aiarch 9
2l^2 14

April 1
2

oI
OZ I 5

May 2 0 io§
June 0 1

2 I li
0- 1

2
1
2 I

Augufl 2 1 3 6
September I I 4 6.

October "^2 3i 2 8

November 4 li It 7'

December 3i 2,T^2 7i

CO
3Si . 20 74

In theie two tables the winds between the W. and the

S.W. are all fet down to the W.S.W.
; and thofe between

the S. and the S.W. are all reckoned S.S.W. In like man-
ner,
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ner, the winds between the E. and N.E. are all reckoned

E.N.E.; and thofe between the N. and N.E. are all

reckoned N.N.E. It appears that of the winds between

the S. and W. thofe from the point of S.W. were far

more frequent than thofe. from either fide of it. And
the winds from the point of N. E. more frequent than

thofe on either fide of it,, nearly in. the fame, proportion..

TAB.LE IV.

SVib-divifion of the S.E.

ES 5E SS£

[anyary I 0. 2 ^^2
t ebruary 0 0 0 0
March 1

2 ,
I 3

April 0 1 1 2

May. -0 0 3
• 0
0

June; 0 H 1
2 2

July:
1
2 0 If 2

Aujruft 1
1
2 4 .

September 0 2 3i
Oftober 1

2 If 1 0

November 0 1
1
2 I?

December 0 1 3i

4 14 12 30

T A. B L E V.

Sub-divifion of the N.W.
|VVNWjNW NNW

January 1
2

2^ I 4
Kebruary I 1 0 2
March, 0 1

2 0 I

April 1

2
1
2 25

May- 1
2 3l • 2 .6-

June li I 4
July 2 4i 0 6f
•Auguft 0 H 1

2 2
September 2 1 I ,4
Oftober Q. 3i 0 3l
November I X 1 2|
December ^2 3i 0 6“

Ilf 25 7 43l

By thefe two tables it appears, that of all the winds

between the N. and W. thofe from the point ofN.W.
were far more frequent than thofe from either fide of it..

Of the winds between the S. and E. thofe from the point

of S.E. were more frequent than thofe to the E. of that

point, and rather more frequent than thofe to the S. of
it;:
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it ; but the difference in the latter cafe was very incon-

fiderable. Of the winds from all quarters, thofe from

the E.S.E and N.N.W. were the moft rare, efpecially the

former. The numbers in the laft columns of each of

the four laft tables are the fums of the preceding co-

lumns ranging in the fame horizontal lines. They ought

to correfpond with the numbers in columns S.W. N.E.

S.E. N.W. of TABLE I. refpedtively, and ferve as a check

upon the work in making the tables.

The general ftate of the winds collecSled from the

£ve preceding tables, according to their different degrees

of prevalence, is as follows;

ESE NNW WNW SSE SE £ ENE NNE S W NW N wsw ssw NE sw

4 7 12 14 17I 20 21 24 25 ,25 30 34 3Sl 621 3611

4Days miffed in the Journal, - - - - - - 3I

365

TABLE
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TABLE VI. There were

but 10 days

in the whole

year that gave

any ^IiQw\v^z.

3 in January,,

I in Februa-

ry, 5 in No-
vember,' and

I in Decetn--

ber. Thefirft

fnow on the

9th of Jahu-^

ary in the af-

ternoon, after

arainy morn-
ings let in
with a-N.N.E.-

windj, and was
fucceeded. by
a lliarp froll

for three days and a half, with the wind E.N.E. The
fecond, which happened in the night between the fe-

venteenth and eighteenth, came likewife after rain, and
was fucceeded by a froll of four days and a half, wind,

Ihifting between N.W. and S.E. The laft fnow in Ja-
nuary, on the 24th, fell with a S.W. wind, which fet in
the day before. It was followed by a moderate froll of

IShewing the number of fair and frofly

days hi each half month and in the

whole year.

Fa

I ft half.

lir

Latter

half.

Fair days

in whole

month.

hrofty

,
^

I ft half.

days

^

Latter

half.

Frofty days

in whole

month.

January 9 6 *5
* 10 7 17

Felrruary 7 3 10 6 6

March 7 13 20 4 4

April 1

1

8 19

May 8 6 14

June 10 6 16

July , 6 8
^

J 4

Auguft 9 8 17

September 7 2 9

pftober 12 lO 22

Novemb. 5 6 1

1

I I

December 6 13 19 5 3 8

Total fair days, 186 Total i'oft. 36

one
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one day, though the wind continued in the S.W. The
fnow on the ill of February came with a S.W. during a

lharp froft. The wind was in the N.E. before the fnow,

and returned to the fame point the next morning; the

froft fliarper than before the fnow. The fnows in the

latter part of November were generally accompanied

w ith rain, and did not bring a6lual froft. The fnow on

the 9th of December came after two days froft^ which

it feems to have put an end to. For though it froze in

the evening after the fnow, the froft was much lefs fe-

vere than the preceding night, and a thaw came with

rain, wind N.E., the next day.

There were only two thunder ftorms this year, v/-

ielicety

; Auguft 27. 2 P.M. Barometer 29,64 inches, Ther-

mometer 63°, Wind N.W.
September 24. 9 P.M. Barometer 29,42 inches,

Thermometer at 2 P.M, 64°.

TABLE
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It is an old obfervation, that a N.E. wind in this coun-

try generally makes the barometer rife. This naturally

leads to an enquiry, whether there be any general con-

nection of the rife and fall of the barometer with the fet-

ting of the wind. Upon comparing the general account

of the barometer for the year 1774, hated at the end

of the meteorological journal, wdth the journal at large,

I found, that in feven months out of the twelve the

greateft height of the barometer was accompanied with

a North-eaherly wdnd; and in eight months out of the

twelve, the leaft height of the barometer was accompa-

nied with a S.W. This incited me to take the trouble of

making out the preceding table, w^hich fliews the mean
height of the barometerwhich accompanied each wind in

every month, and for the whole year. And it appears, that

though the barometer may be almoft at any height w ith

any wind, yet the mean height was greater, in the courfe

of the laft year, with the winds which fet from that fe-

micircleof thecompafs, which is intercepted between the

points of W.S.W. incluhve and E.N.E. excluiive, going

round by the W. and N. than with the winds w^hich fet

from the oppofite femi-circle intercepted between E.N.E.

incluhve and W.S.W. excluhve, going round by E. and S.

In the former femi-circle theW. and N.E. give the great-

eft mean height, and in the latter the S.S.E. and S.W.,

o;ive the leaft ''-bo
* It is to be noted, that the means of the whole year, ftated in the lowernioft

horizontal row, are not found by collefting the means of all the months Into

one fum, and dividing by the number of months (for this method would always

be fallacious, except each wind had blown for the fame number of days in all the

different months); but by adding together the heights attending each wind day

by day, and dividing the fum by the number of days each wind blew in the

whole yeati 3
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TABLE VIII.

For Trial of the moon’s Influence.

jjan.

i

Feb.

Mar.

Apr.

May

June

July

Aug.

Sept.

oa.

Laft Q£.

D. H.

5 6

3 15

4 22

3 5

2 12

New.

8 i8

8 9

7 o

S 14

5 3

New.

D. H

Firft Q^.

Nov.

Dec.

D. H.

II 2 li 19 3

3 15

3 2

10 9

11 22

10 12

10 3

Firft Q£.

16 19

16 5

14 12

12 17

12 O

10 7

9 17

Full.

D. H.

27 7

18 o 25 23

19 20 27 II

18 15 25 22

18 7

Full.

23 12

22 19

21 3

19 13

19 2

25 5
LaftQi.

31 20

LaftQ^.

3<3 7

29 20

28 12

27 7

27 3

17 12

H” ' wv. '

' Mm. CD

6 7 y lo 14 18 23 25 26 30

VW/ O MW ^ O

4 7 810 1^15 20

O
10

MV O

4 8-^8 29
G
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S 7 ^3
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O o
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MW WW WW

4 6 ?I 15 % 26

o "" O OGO*" O ,1^7^* 13 14 1

7

O G
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25 17
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This table exhibits a comparifon of the a6lual changes

of the weather from fair to foul, with the afpedts of the

Moon ;
and needs no other explanation than an inter-

pretation of the chara61ers in the laid column.

— froft d Any one of thefe marks placed over a

4- thaw number lignifies, that the weather indicated

G fair by that mark continued from the day of the

-V rainy month denoted by the number underneath

— ftormy to the day denoted by the next following

fnow J number, bearing fome other mark over it^

Thus, in the month of July, rainy weather fet in on the

fifth, and lafted to the fifteenth; from the 15th to the

20th it was fine; when it changed again, and continued

rainy till the 2 2d; then it was fine to the 27th, and

rainy again till the 31ft.

Such tables of comparifon, made yearly for a fuccef-

fion of years, would in the end decide with certainty for

or againfi: the popular perfuafion of the Moon’s influence

upon the changes of ourweather
;
which hath fome how

or other gained credit even among the learned, without

that ftridl empiric examination, which a notion in itfelf

fo improbable, fo deftitute of all foundation in phyfical

theory, lb little fupported by any plaufible analogy,

ought to undergo. The vulgar dodtrine about this in*

fluence is, that it is exer-ted at the fyzygies and quadra*

tures, and for three days before and after each of thofe

epochs. There are 24 days therefore in each fynodic

month, over which the Moon at this rate is fuppofed to

preside; and as the whol6 cpnfifls but of 29 days i2|
' - - - - - hour^^
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hours, only St are exempt from her pretended do-

minion. Hence, though the changes of the weather

fhould happen to have no connedtion whatever wdth the

Moon’s afpe61:s, though the fadt fliould be, that they take

place at all times of the Moon indifferently, and are dif-

tributed in an equal proportion through the w^hole fyn-

odic month; yet any one who fliall predidt, that a

change fhall happen on fome one of the 24 days af-

ligned, rather than on any one of the remaining 54,

will always have .the chances 24 to 5^ in his favour.

Merely becaufe more changes will fall with in the greater

time, and, upon an average, as many more in proportion

as the time is greater. It is evident therefore, that this is a

matter in which men may eafily deceive themfelves, ef-

pecially in fo unfettled a climate as that of this ifland

:

and the advocates for lunar influence are not to imagine

they have fadt on their fide, unlefs it fhould appear,

from fuch tables as thefe carefully kept for a long courfe

of years, that the changes happening on the days, which

they hold to be fubjedt to the Moon, are more than thofe

which happen on the exempted days, in a much greater

proportion than that of 24 to 5^.

The antiquity of the opinion may perhaps be al-

ledged in its favour
;
and it may feem an anfwer to the

objedlion taken from the inftability of the weather of

this part of the world, that it had its origin in more fet-

tled climates. We find it, it mufl be confefled, in the ear-

liefl; Greek v/riters, who probably had it with the reft of

tlieir phyfics from the Eaft, . A}\d to this circumftance, I

4 am
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am perfwaded, the opinionowes the credit it hathmet with
among men of learning. Butwhatever general affertions

may be found in fome writers, concerning celellial influ-

ences in general, and the Moon’s in particular, as being of

all the heavenly bodies the neareft to the earth, the wri-

ters who treat of the figns of the weather practically, for

the information of hufbandmen and mariners, derive

their prognoflics from circumftances, which neither ar-

gue any real influence of the Moon as acaufe,nor any be-

lief of fuch an influence
;
but are merely indications of

the ftate of the air at the time of obfervation : namely, the

fliape of the horns, the degree and colour of the light, and

the number and quality of the luminous circles w'hich

fometimes furround the Moon, and the circumftances at-

tending their difappearance It is true, that each of thefe

prognoftics is exprefsly confined, by the early writers, to

a particular time of the Moon’s age (>>). But not, as I con-

ceive, on account of any particular influence of the Moon
in this or that afpecft

;
but merely becaufe the prognoftics,

that fhe aftbrds at one age, are fuch in themfelves as file

cannot afford at another. For inftance, the bluntnefs of

the horns in the new Moon is a fign of approaching rain,

(aj See the Aioo->jjt*E(a of Aratus and the Scholia of Theoa.

{b) sV 7rao-jy ett’ TiTVxIxt,

’^Ax\ 0<7» l^iV Tpt7aTJJ TslpXTlXi^ T£

Mtcnpa yi y.tv «%pi{

^i^oy,yivov' otTxp TraXiv £« ^ip^oy.-nvrii

itpQolSx Si ol avrlax Tijpcti

MvvcS «7roi;^op*£>8. Apocr* Aioff'»j/AE»a.

becaufe
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becaufe it indicates a turbid ftate of the atmofphere
; for

if the air were clear and dry, the horns fliould appear

fliarp and pointed, that being then their natural lliape.

But the bluntnefs of the horns is no fign of change after

the dichotomy ;
becaufe then the horns will appear blunt

in all ftates of the air, the elliptic arc on the deficient fide

of the Moon prefenting its concavity to the circular limb,

and forming with it an obtufe angle. Again, the degree of

the Moon’s light on the fourth day furnifiied aprognoftic.

It ought then to be ftrong enough, if the air was clear,,

for terreftrial objefts to calf a fliadowr^^. If their fliadows

were not difcernible, it was a fign that the air was im-

pure, and bad weather was to be expefled. But this

prognoftic did not take place before the fourth day, be-

caufe the light of the Moon was yet too weak for lira-

dows to be formed in the purefi: ftate of the air. It did

not take place after the fourth day, becaufe the enlight-

ened part was then fo much encreafed, that fliadows

w'oitld be formed in any ftate of the air, if the Moon was

not adlually hidden by a cloud, or obfcured by fenfible

mifts. The prognoftics furniflied by the new Moon ferv-

ed only till the dichotomy, and thofe of the dichotomy

till the full Moon, and fo on; not becaufe a new and

diftindt influence was exerted in each new afpedl, but

becaufe each new afpedt furniflied a new fet of figns, of a

(c) oTi otTtoTXi^voclxt xuTodsv xuyn

"Oiro-ov STnaxtativ tyr) rerpalov IS(tx. Apxr, AiO(Ttt[X£iXi^

Tilxfxix yivo^ivv V xp^ilxt (^vvxa9xt ly tw (pcJ]! a.UTrt{* rpiTxJjL.

yx^ « oVvcKTOt T,*> TTipmtfAiitiv Tn fvilc. xtpxvitxii> Theon in locum.

different
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> different kind. That this is a true reprefentation of the

moft ancient lunar prognoftics, appears from hence
;
that

others of a hmilar kind were derived from the Sun and the

fixed ftars, particularly the Prerfepe and Jfelli in Cancer,

and the bright ftar in the Altar.; and it is remarkable, that

ARATUS fays, the prognoftics taken from the Sun are the

moft certam of all w. The vulgar foon began to confider

thofe things as caufes, which had been propofed to them
only as figns. The manifeft effe6l of the Moon upon the

Ocean, while the mechanical caufe of it was totally un-

known, was interpreted as an argument of her influ-

ence over all terreftrial things; and thefe notions were

fo conftftent with that vilionary philofophy, w^hich af-

figned diftindt places to corruption, change, and paflivity,

on the one fide, and the a6live governing powers of na-

ture on the other, and made the orb of the Moon the

boundary between the two, that they who fliould have

been its opponents, ranged themfelves on the ftde of

popular prejudice. And the uncertain conclufions of an

iii-condu6ted analogy, and a falfe metaphylic, were

mixed with the few fimple precepts derived from ob-

fervation, which probably made the whole of the

Icience of prognoftication in its earlieft and pureft

ftate* Hence both Theophrastus and aratus teach

us to remark the pofttion of the Moon’s horns, and

take conjectures of approaching fair weather or tem-

peft, according as they appear, at different times of the

Moon’s age, ereCt, reclined, or prone: not knowing

(^) HiKlM [AKKMV loiKOTOi KUTCiU Ai00-<5/A£W»

that
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that the pofition of the. fine joining the Moon’s cufps,

with refpec^ to the horizon, depends merely upon the

mutual approach, or recefs, of the pole of a great circle

drawn through the centers ofthe Sun andMoon, and the

pole of the horizon, in the courfe of the diurnal revo-

lution. And fo great a man as varro, as he is quoted

by PLINY, was not afhamed to give this childifh rule, for

predidling the weather, for a.whole month to come, from

appearances at the new Moon. If the upper horn
“ be obfcure, the decline of the Moon will bring rain.

If the lower horn, the rain will happen before the full.

At the time of the full Moon, if the blacknefs be in

‘‘ the middle After this one cannot be fiirprized,

that the poet virgil fliould make the prognoflics of the

fourth day decifive for the whole lunation

:

Sin ortu quarto^ namque is certijjimus auBor-^

Pura neque obtujis per coeium cornibus ibit^

1'otus et ille dies^ et qui nafcentur ab illa^

ExaBum ad menfem pluvid ventifque car^bunt.

Georgic. lib. 1 . lin. 143.

But in this he contradicSts aratus, whofe authority in

general he follows implicitly. With aratus, the ligns

of the new Moon extend only to the firft quarter.

The ancients afcribed an influence to the conftella-

tions and fixed flars as W'ell as to the Sun and Moon
;
and

(e) Apud Varronein ita eft. Nafcens Luna ft cornu fuperlore

obatro furget, pluvias decrefcens dabit : ft inferiore, ante plenilunlum : ft in

media nigritia ilia fuerit, -iinbrem in pleno, pun, Nat. Hlft. lib. XVIil.

rap. 35.

VoL. LXV. D <1 there
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there feems to have been much the fame foundation for

one as the other. In the parapegmata or calendars, in-

troduced in Greece, as we learn from theono";, by the

aftronomer meton, and renewed either annually or, as

I rather conjecture, at the expiration of every 1 9-year

period, the heliacal rihngs and fettings of different

ffars were marked as bringing in different forts of v'ca-

ther. The truth is, the earlieft aflronomers imagined,

that the weather was governed by the Sun; and that

its varieties were every where owing to the different

degrees of the Sun’s heat in the different feafons.

They had therefore taken great pains to collecfl, by

a long feries of obfervations, the weather that ufually

prevailed in this or that particular place during the Sun’s

paffage through every degree of every hgn. Upon
thefe obfervations, not upon any whimlical theory of

celeftial influences, the predictions in the calendars

were founded. It feemed reafonable to announce, as the

weather of each part of the year, what had been found to

be then moft frequent. And while the civil reckonings

of time were fo different among the different Greek

ftates, and fo rudely digefted in all, the heliacal rifmgs

and fettings of the ftars were the only certain and

obvious marks, the compilers of thofe popular di-

rectories could hit upon, of the Sun’s return to the dift

ferent parts of the zodiac Hence they propofed them

if)
Scholia in Aratum.

(^) Geminus. EWocyoyyn <pa<vo'«£V!». c. 14.

to



[ i8s ]

to the people as ligiials of the weather to he expe6led.

The form of the year being now the fame in all parts of

Europe, and pretty accurately adjufted to the motions of

the heavenly bodies, and the heliacal rifings and fettings

of the liars, from the different manner of life of our

country people, not falling fo much under popular ob-

fervation with us, as they did among the Greeks, they are

not marked as prognollics in ourmodern almanacks : and

this I take to be the reafon, that though the Moon hath

maintained her reputation amongll us, the influence of

the fixed liars is funk, as it well deferves, in utter obli-

vion. Upon the whole I do not deny, that the obfer-

vant hulbandman will find a variety of ufeful prog-

nollics in the appearances of the Moon, and the heavenly

bodies in general; but they will be prognollics of no
other kind, and for no other reafon (though perhaps lefs

fallible) than the fputtering erf the oil in the indullrious

maiden’s lamp, or the excrefcences which gather round

the wickr^;. They will be fymptoms dellitute of all ef-

ficient powers. They will Ihew the prefent fate of the

air, as that on which they depend, not as that which they

(h) Ne no£lurna quidem carpentes penfa pucllae

Nefclvere hiemem.; tefta cum ardente viderent

Scintillare oleum, et putris concrefeere fungos.

Georglc. lib. I. lln. 390.

'H jumtHig uyiipuiujat TTEp*

Nvxjx XOild CTKoJlTtV, uVo

(xXXole pLVj re icxlx xoa-ftev opapy,.,
^

’'AXXole uicfatTiv aVo <pKoyei^ wafai

8cc. Apocr, Aiocrriy^

D d 2 govern,
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govern, and may furnifli probable conje6lures for two

.or three days to come. To what I have already ad-

vanced in fupport of this opinion, I fliall only add the

laft lines of the of aratus. They fpeakthe

fentiments of the earlieft ages moll decilively, as they

fliew how little the dodlrine of the influence of lunar

afpe6l had gained ground, even in his days, among prac-

tical writers. That elegant verlifier, there is little room

to doubt, delivers the pra6lical maxims of his time, juft

as he received them. He was too little of a poet to dif-

guife the truth with ornamental fi6tion, and too little of

aphilofopher to adulterate it with hypothelis.

Twj/ jwrjJ'fV xoiloHV'fiaoy x(x,'kov (J’ In) any-otli ariy.0^.

XxBTflsa^uiy [jLX?i?,ov ho7v elg muTov lovloiv

7iki^oL' T^ijocTU XE dx^dridEix;^

Aie] J'’ XV "KE^io^og d^i^[AoiYig hixvl^-

l,YjpLOijay. (7U/^SzAAccv e(-k^ ^ sV xgE^i rofn

'^Hug dflsTiXovJi xdls^^t^E'Ixty, 3 XDcjd^i,-.

*Oi:7:o7ov ^ XEyoi' jit^Aa J'’ x^xiov strj

^^dC^EG^Xi (p^lvo^ogy E<pig‘X[A£VOld 7£ [AYivog

Tsl^x^xg d[jL(pdlE^xg* at •yx^ t’ x[/,v^tg awlovjwv-

Mrivdv 7:ei^xt syiSGiVy ote GfpxJXE^djxloQ xI^y}^

^Oxlco vvB ttIas;,- yj\TEi yx^oi^oto asT^’^vrig.

Twy xy,v^tg ttxvJ'j^v iaxEy,i/,£Vog Eig Evixvjovy

Ou^ettoIe cy^E^wg xev sV xWe^i texi^^^xio.

Which
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Wliich I render thus :
“ Negledl none of thefe prog-

noftics [none, he means,, of the great variety he hath

“ enumerated, taken from the heavens, from animals,

plants, terreftrial objedis. Sec,], it is a good thing to com-
“ bine the obfervation of one prognoftic with another. If

“ two agree, there is the greater likelihood of the event,

and a third makes it certain. Whatever you dq, regiher

“ the prognoftics of the current year, care-

‘‘ fully noting what the prognoftic fays [orTroTov

^
"Kiyoi ; that is, what the event fliew it to be a ftgn of],

if fuch a fort of morning comes on with the rife or

fetting of any particular ftar. And it will be of the

(t) Such a fort of morning. Tliat is, a morning marked wkh fuch or fuch

appearances. So I underftand -roin ijus. The fpirit of the precept feeins to be,

that.the heliacal rilings of the ftars are to be attended to, in conjunftion with

the particular appearances..attending the dawn or fun-rife. The heliacal tilings

Ihew the feafon, or general conftitution of the time of the year ; the particular

appearances of the morning indicate the minute circumftances of the weatheir

for two or three days to. come. Thus the heliacal rifing of Arfturus was.a lign,

in all the ancient parapegms, tliat the ftormy feafon was at hand, and bad weather

of various forts, rain, thunder, high wind, was to be expe£bed ; but what the par-

ticular weather would be for a day or two to come, whether it would be only

windy, or wet, with thunder or without, from what quarter the bad weather

would come, ^11 this would be pre-dignifted by the particular appearances of the

morning. Perhaps the fanie appearance may be fubjeft to fome variety of in-

terpretation at different feafons of the year, and in different places. In this, ex-

perience and obfervation will be the only fure guides. And for this reafon

ARATUs advifes his fcholar, not only to attend to the general rules laid down fpc

him, but to keep a journal for himfelf, and make his own conclufions.

Dd 3
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higheft importance to attend particularly to the two

quaternions of the expiring and the incipient moiith^^^

[that is to the four lail days of the month going out,

“ and the four firft of that which is fetting in], for they
“ comprife the extremities of the two months, where

they meet : and the weather [or the hate of the air]

‘‘ is then particularly uncertain [difficult to guefs at] for

eight nights, for want of the lilver-coloured Moon.
‘‘ If you attend to all thefe put together, all through the

year, you will never form a random guefs about the

“ weather.” The uncertainty of the weather for thefe

eight nights camrot be an uncertainty of the effect de-

pending upon the moon’s afpedt
;
but it is an uncertainty

of fore-knowledge, the poet fpeaks of, for want of the

Moon as an index. For though the word (r(poi?^e^dj7ocjoc

by itfelf would be ambiguous, as it might be taken either

in the fenfe of or the words

are decilive for the firft interpretation.

The moon exifts during thefe eight months as at other

times. There is no want of her therefore as a phyfical

agent : the only want there can be, is the want of her '

(k) And it will be tf the. highijl importance to attend to^,- 6cc. {xaXoj ^ upxtoy

^px^i<r9xi. I l^iave fometimes thought thefe words might he rendered thus

:

“ This w ill be of great importance [that is, this joint obfervation of the general >

“ indications of feafon and of particular prognoftica will be of great importance^

in order toform a conjeiiure about the two quaternions, &c.” This interpreta-

tion would make the inofl conned.ed meaning for the whole paffage ; but I do not

recollefl, nor can I find upon the ftri£left fearch, aijy inftance, wherein the verb

is tifed in the fenfe of conj^dJuring^ or forming a judgement or opinion

about.

appearance



C 189 ]

appearanee. It would be unpardonable not to*men-
tion, that fo great an authority as that of Theophrastus

is againft the lide of the queftion to which I incline;

The doctrine of the influence of lunar afpedt is ex--

prefsly afTeited in his Treatife on the Signs of Rain and,

Wind. He fays, that the new Moon is generally a time

of bad weather, becaufe the llglit of the Moon is want-

ing and that the changes of weather generally fall

upon the fyzygies or quadratures. But this feems to

have been merely an opinion founded upon an imaginary

analogy between the epochs of fyzygy and quadratuie

in the months, and the equinoxial and tropical epochs

.

in the year. For the Mooiij he fays, is, as it were, the-

Sun of the night. Theophrastus, though a diligent ob-

ferver of nature, was deep in the theory of that fchool',

of which he was himfelf one of the brightefl ornaments

:

and his teflimony, with refpedt to the matter of fadl,^

hath not, like aratus’s, a credibility founded on the me-
diocrity of his genius.

In the table, p. 177. the changes which fell on the

fyzygies and quadratures, or on any one of pliny’s criti-

cal days of the Moon’s age (which are the 3d, 7th, i ith, .

1 5th, 1 9th, 23d, 27th,), are diftinguiflied from the reft

by a larger chara.6ler And out of 6 9 changes regifter*-

(l) Aio Ki irvvocoi p.Jii'wi/ sltriv* ori diroXstTiu to (pa; Tr^c orE?.r'i/)}Cy

^cc. THEOPHRAST. de fignis Pluv. p. 417. Edit. Heirtf.

(m) Sunt et ipfius Lunae o<Ro arllculi quoties In angulos foils incidit, pk-

rifque inter eos tantum obfervantibns prasfagia ejus, lioc eft tertia, feptima, undc-

cima, declma quinta, decima nona, vigcfiina tertia, vigcfiina feptima, er inter?

•Junium. pun. Nat. Hift. lib. XVIIl. c. 35.

cd
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ed ill this table 3 2 claira that diftinclion. Which is rather

a larger pro^xirtion of the whole number, than is due to

the time made up of all the days of fyzygie and quadra-

ture, in the whole year, together with pliny’s critical

days, thrown into one fura. For fince there were 365 days

in the year, and the days of fyzygie and quadrature, with

pliny’s critical days, amotmt to 1 13, out of 69 changes

in the whole year 22 are as many as belong to thefe par-

ticular days, upon a proportional dillribution. But in the

preceding table, there are many alterations marked as

c hanges, when it appears, that the weather returned to

what it had been before the time of change, wdthin the

fpace of 24 hours after it. Now if w'e rejec5l all thefe on

both lides of the queftion (wdiich I think is the fair w^ay

of reckoning, for fudden alterations, of fo fliort a dura-

tion, are rather to be called irregularities than changes of

weather), wx lliall find but 46 changes in all, from one

fettled ftate to another, of which only 20 fell on the days

of fyzygies, quadrature, or pliny’s days, wdiich is ftill

more than the jufi proportion.

But again, pliny’s eight critical days were probably

mtended for the four days of fyzygie and quadrature

and the four of odlagonal afpe6tr»;. For if the time

of the conjmi(5tion be rightly alfumed, the mean qua-

dratures, and the mean oppofition, and the mean octa-

gonal afpeCt, will always fall either on one of pliny’s

days, or on the day next to it. The deviation, I fuf-

[n) The worclsj Quotiea in angulos foils Incldlt, imply this.

2 peCt,
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pe«ft, was intentional, and for the fake of the odd num-
bers. Thus the 4th, 8 th, and t 2th days of the Moon
hiould have been critical, inftead of the 3d, 7th, and

1 1 th, if the mean motions of the Moon had been the

ling-le thine attended to. But pliny, or whoever was the

firft author of the rule he gives us, chofe the latter as

containing, beiides much of the lunar influence, all the

magic virtue of imparity, of which the others, taking

their numerical denomination from even numbers, are

totally deflitute. Among the numerous believers in the

Moon of our days, few, I fuppofe, retain any confidence

in the phyfical powers of the odd numbers. They may
imagine therefore, that the apparent inconfiftence of

pliny’s rule v/ith the truth of things, may be owing to

his fuperftition about the odd numbers, which led him
wilfully to deviate from the mean epochs, little apprized

(for the Romans never were afironomers) how much
they fometimes differ from the true ones, on account of

the great and various inequalities of the Moon’s mo-
tions, and how very widely his arbitrary arrangement

would in confequeiice often differ from the times it

was intended nearly to reprefent. Inftead of pliny’s

critical days, I fliall now, therefore, examine the days for

which, I imagine, they were fubfiiituted; thofe I mean of

true fyzygie, true quadrature, and true o6fagonal afpedf.

The following table diftinguiflies the changes of wea-

ther which fell on thefe days. There were only 2 2 fuch

out of all the 69 ;
which is fcarce four more than their,

even proportion. And reje(5ting, as before, on both fides,

VoL. LXV. E e the
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the alterations of weather which were reverfed within

the fpace of 24 hours, there remain out of 46 changes

in all only i o upon the days of lunar influence, which

are two lefs than belong to them u[x)n the even chance

;

for the days of fyzygie, quadrature, and odlagonal afpecfl,
,

in the whole year are 98 ; and 365 -.98 = 46 : I2j very

nearly. It is remarkable, that of thefe ten changes

two only coincide with a new Moon; namely, thofe of

the loth of February and 5 th of September, and none

at all with a full Moon. There were indeed two changes

in the year upon the day of the full Moon; ^jidelicety

thofe of the 20th of September and 1 8th of November;

but both were reverfed within the fpace of 24 hours.

TABLE
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TABLE IX.

January 6 7 ^ lo 14 i8 2 ^ 25 26 30 10

«

0
0

February y 8 10 13 15 17 20 8 3

Marcli IQ I 0

April 4 8 28 29 4 I

iVIay 5 7 23 3 0

June 6 1 7 18 20 22 28 7 3

July 5 15 ZO 22 27 31 6 I

Auguft 46 II 1^17 26 6 2

September I ^ 7 II I^ 14 17 20 22 9 4

Oclober 3 23 24 29 4 I

November 2 6 7 18 21 26 6 3

December 2 5 II 14 15 5 I

69
,

22 .

I have added in this table two columns, Ihewing the

number of changes in each month, and the number out

of each agreeing with the Moon.

I fhall only add, that no conclufion mull be drawn

from the obfervations of a iingle year.,

Ee s XVII. EMraa
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XVII. Extras of a Meteorological Journal for the Tear

1774, kept at Briftol, by Samuel Farr, M. D.

RcdJc, IMarch 23, i77S-

Barometer. '

Months Hig’neft Lovveft. Mean. V^’iciflitude. Rain.

fannary 28,8 29.S I 1-2 4=951

February TA 29,2 29.7 0 9-1 5=549

iMarcli 29,1 29,7 0 9-4 5=297

April 29>3 '

29,7 0 8-5 2=349

May 29i3 29,9 0 7-4 2=955

June 3°j2 29^4 29>7 0 6-3 2,602

July 3^A 29^7 29,8 0 4-1 2,972

Augufl: 3°>2 29A 29,8 0 5-2 2=999

September 3^A 29,0 29,6 0 7-2 7=035

Oftober 3°A 29.3 3°A 0 8-2 1,927

November 3^A 29,2 29.7 0 6-1 1,683

December 3'^fi 29,0 29i7l 0 7-2 2,047

42,366

The barometer was placed feventeen yards above the

level of the river Avon, which runs very near to my
houfe. By viciffitude is meant the greateft rife or fall

of the quickfilver in the fmalleft number of days.

S. FARR.

Dr.
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Dr. FARR liacl alfo given the mean heights of the thermometer within doors

for every month in the year. But thcfe are omitted, bccaufe obfcivadons of

the thermometer in the houfe are of no importance, unlefs accompanied with

correfponding ones of an inftrument kept in the fhadc in the, open air. The air

of a room, though kept without a fire, and fo fituated as never to fee the Sun,

alters its degree of lieat or cold fo much more flowly than the exteinal aii, that-

no judgement can be formed of the temperature of the one fiom that of the

other : except after a continuance of weather of the fame kind foi a long time

together, their mutual relation is vague and undetermined. Di. farr Iikewife

font a particular account of the winds and changes of the weather foi eveiy day

of the year ;
from which I have compofed the two following tables.

3. HORSLEY.

All abridged table of tlie winds for Bristol,

forthe Year 1774.
Number ot

N S E W NW SE NE SW C Frofty Days.

Jajiuary 3i
1
2 6 3 If 2 7 71 31

0
u
rt ^

^c/5 CT
10

February 1
2 li

r
2 I 3i 3 Si ii| 27

PeJ

7

March 1
2 If 4i

1
2 3i Si 1

1

4 31 A. 7

April
1
2 2

1

2 0 8 4i 5 8| 29 Q S

May 1
2 2 0 2 2 Hi 8| 31

43

June I 2
T
2 4 I 2| i6f 30

cu

July I I 0 2 H 2 0 17 I 30 §<

Auguft 0 1

2 H 0 1 4 6| 17I 31
^ '3*

September 1
2

1
2 lo 1

2 4 10 7l 7 30 S3^ •

Oftober 0 I 2 X
2 3 i

6 Si I2| 31
N Frofi: at times.

November I X
2 0 0 4 S 13 I 6 30

•M

.S
Frofty nights.

December 0 0 3 0 1
2 8 i 3i 6 31

CO

t>>

•Xi

18

9 13 22 8 42 53 92 123
CO 42

Thunder,
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Thunder. February i6, 23. 24. S.W.

March 8. 20. E. 28. E. and W. 30. E. and N.E.

April 27. with hail ftonn, S.W. and N.W.
May I. 4. N.E. 9. 10. E. 24. S.W. and S.E.

June 25. S.W. and S.

July 10. S.W. 26. N. and N.W\

September 4. S.E. and N.E. 6. N.W. 12. S.W. and S.E.

TABLE
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TABLE for Trial of the Moon’s Influence at Bristol
for the Year 1774.

Laft 0^. New,

(

Full.

1

1

D. H. D. H. U. H. D. H.

Jan. S 6 II 21 19 3 27 7 I 10 13 19 ^2 30 7 2

Feb. 3 15 10 9
18 c 25 23 7 I I

0 +
AAM -vw

Mar. 4 22 II 22 19 20 27 II 6 lo 17 20 30 5 I

Apr. 18 15

IWV

0 0
3 5 10 12 25 22 6 10 13 3 I

_ 0
May 2 12 10 3 18 7 25 5 I 1 0 19 3 I

LaftQ^.

31 20

June

New

8 18 16 19

Full. Laft Q^.

«vv 0
23 12 30 7 , 6 13 3 I

0
July 8 9 16 5

AW
<vw AW

22 19 29 20 I lO 14 17 1920 6 2

Aug.

/vw

0
7 0 14 12 21 3 28 12 3 7 25 4 3

Sept. s 14 12 17 19 13 27 7 Only 9 fair days.

oa. 5 3 12 0 19 2 27 3
0 0 yuv*

6 17 25 30 4 0
rCloudy with rain till the 5th.

J ^ hard rain, then frequent

Nov. 3 15 10 7 17 18 25 23 j

frofty nights and gentle
L rain in the day-time.

Dec. 3 2 9 17 17 12 25 17

AW

3 .. 21
3 2

39 H
y ;

Ui uus wuic wimour any cliaratter over it, it is tobe underftood, that the weather was quire unfettled from that day to the next
bearing a mark; and when two or more marks are found over the fame number,
all the different kinds of weather, denoted by the feveral marks, took place on
that day. The fame is to be underftood in the tables, p. 177 and p 193
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This table diftinguifhes the changes of weatherwhich
fell on the days of true fyzygie, true quadrature, and true

o61agonal afpe61. Setting ahde the very changeable

months of September and November, there were 39
changes in the remaining 10, fourteen of which hap-

pened upon the days fpecified
;
w^hich is almoft 4 more

than belong to them on the even chance. Of thefe 14
changes, only four fell upon the day of a new moon^
and none at all upon the day of the full.

XVIII.
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XVIII. ExtraB of a Regijler of the Barometer^ T'hermo-

meter^ and Rain, at Lyndon, in Rutland, 1774.
Thomas Barker, Efquire. CQmmwncated by Sir John
Pringle, Bart. P. R. S.

Reddc, March 23, 1775.

Barometer.

High eft Loweft Mean.

Jan.
Morn.
Aftern.

29,77 28,32 29,15

Feb.
Morn,
Aftern

28,49 29,2s

Mar.
Morn.
Aftern.

29,81 28,56 29,30

Apr.
Morn.
Aftern.

29,77 28,72 29,24

May
Morn.
Aftern.

29,67 28,76 29,3s

J un
Morn.
Aftern.

29,76 28,87 29,33

July
Morn.
Aftern.

29,76 29,10 29,41

Aug.
Morn.
Aftern.

29,80 28,80 29,3s

Sept.
Morn.
Aftern. 29,74 28,70 29,28

oa.
Morn.
Aftern.

30,06 28,92 29,64

Nov,
Morn.
Aftern. 29,73 28,73 29,36

Dec.
Morn.
Aftern.

30,21 28,68 29,60

Thermometer. Rain.

In the Houfe. Abroad.
High. Low. Mean High. Low. Mean

42

43
3 ii

32
3 5

36
43
46

20
28

29

33 l
3,308

46 33l 40 45 22 34i
1,946

461 3S 41 sii 29i 41

48I 38 43 44 28| 36
2,728

SI 39 44l S 7 i 3Si 46

S 3 44l 48 52i 32 i 42
1,523

S4i 4S§ 49 bzi 37 i SI

ss 48 5 i| SSi 40 46
3,142

S6f 49 S 3 69! 45 57
62 S4 59 61 SO 55

2,48366 SSi 60 73i 56 6si
63I S 7^ 60 61 52 56

3,227
66i S8J 62 ’ 61 66
68 S8 6i| 64 47 SSi

3,910
70 60 632 78 | 59 67

65 S 3 56 61 40 49i 8,00c
68| S3l S 7l 73 48i 59
S6§ 46 52 SI 34 43i 1,156
57i 46 S 3l 64i 42 S 3

52I 3Sl 43 49 28 37
i,S3^

S2i 36 44 SSi 32 41

45l 32 39l 44i 20 33i 2,281
46 3^1 40 47 25 38

35>^35 1
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The quantity of rain this year hav-

ing exceeded any I ever had before, I

have added here a new table of the

wettelf months from one to twelve to

thofe I had before given. See vol.

LXI.p. 226. In the fevcnteen months
from May 1773 to September 1774
there fell 55,890 inches of rain,

which is 3,288 inches each month

;

and in the three years 1772, 1773,
and 1774, there came 93,258 inches

;

that is, 3 1 ,046 inches each year. The
year began very fevere with a fliarp

froft, which was not out of the ground

for feven weeks together, though in

the mean time there were feveral breaks, attended with

great rains or fnows and floods, and then freezing again.

After the frofl it was windy and wet for near a month,

till above-a week in March
;
the latter part of that month

and all April were more fair, a good feed-time; and

though with fome frofty mornings, yet we had in gene-

ral more mild weather than there has been in fpring

of late years. There was at times a good deal of fine

weather in fummer, yet mixed with a great deal of wet

;

it was a great grafs year, and a cool fummer. The hay-

time and beginning of harveft were fliowery, yet more

hindering than hurting ; but the latter part of harveft

in September was exceeding bad indeed. No grain could

be carried for three weeks together; for it rained every

day,.

Wetteft Months from

one to twelve.

- I Sept. 8,000

2 A.ug^—Sept. 1 1,910

f 3 July—Sept. i 5 >i 37

4 June—Sept. •17,620

5 May—Sept. 20,762

6 April—Sept. 22,285

7
Mar.—Sept. 25 >oi 3

8 Feb. —Sept 26,959

9 Jan. —Sept. 30,267

10 Dec.—Sept. 33^64

1

1

Nov.—Sept. 36,769

12 Odl. —Sept. 39»39°
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day, and in great quantities. I never meafnred fo wet a

niontli before. Xbe wbeat and oats were chiefly got in

before it, and a great deal of barley
;
yet, as it was a late

harveft, there was a great deal of the barley out, fome

wheat, and almoft all the beans and peafe. The wheat

through the fevere and wet winter was all along thin,

and much of it mildewed by the wet towards harveft.

The crop of barley was not amifs, if it could have been

all well got ;
but fome of it fuffered by the wet after it

w'as cut. The beans and peafe were a remarkable great

crop till harveft; hut almoft intirely fpoiled in it. There

was a great deal of winter meat for the cattle this year,

plenty of good grafs, a great deal of hay, and fine crops

of turneps ;
but the ftraw of that corn, which was out in

the wet, was fpoiled. The weather fettled juft at the

beginning of 061ober, which was a very fine month,

almoft like fummer; and it was not till then that the

harveft could be finifhed. T. he wheat feed-time was

good, and the reft of the year favourable upon the whole;

though a froft at the end of November and beginning

of December was earlier than ufual, attended with fnnw,

and threatened a fevere winter in moft parts ofTurope

,

yet it grew mild again afterward, was in general fair^

and the ground continued tolerably dry, and a few frofty

days concluded the year.

F f 2 XIX. An
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XIX. An Account of fome l^henjtometrical ObfervationSy

made by Sir Robert Barker, F. R. S. at Allahabad in

the Eaft Indies, in Lat. 25° 30' N. during the Tear

1767, and alfo during a Voyage from Madras to Eng-

land, in the Tear 1774. Extracted frojH the original

Journal by the Hon, Henry Cavendifh, F. R, S,

Redde, April 6,v
|
"^HE greateft part of the obfervations

at Allahabad were made within doors

;

feveral were made within a tent placed under the fliade

of trees, fome in the open air in the Sun, and fome in

the open air in the fhade ; but there is no regular feries

of obfervations in any one place
;
nor were they made

at Rated times of the day. Though a thermometer

kept within doors is but a very indifferent meafure of the

heat of any climate
;
yet as I have not feen any thermo-

metrical obfervations made in that country, except a few

during the heats of the fummer, and printed in the

Philofophical TranfacRions, vol. LVII. page 218 .

1

have

fet down the great and leaft heights I meet with in each

month.

January
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Leaft. Greateft. Leaft. Greateft.

January 58 72 July 81 90
February 60 84 Auguft 80 86

March 62 94 September 78 83
April 79 96 06tober 72 87

May 72 lOI November 52 86

June 81 99 December 51 64

From the 3d ofMay to the 4th of June inclulive, a ther-

mometer placed within a tent, under the fhade of trees,

was almoft every day above 100°, and feveral times

above 109°, once at 112°. The trees under which

the tent was placed formed, as I have been informed, a

very thick fliade ;
fo that I think thefe heights are more

likely to fall fhort of the true heat of the open air at that

time, than to exceed it. The leaft height I meet with

of the thermometer in the open air in the fhade, is 42°;

which it was at twice in the month of January, at 7 A.M.

The greateft heat is on June 9th, at noon, when it

was at 1 1 4°, the fky cloudy ; the thermometer within

doors at the fame time 95®, which is lefs than it had fre-

quently been in the month of May; fo that it feems.

likely, that the heat in the open air in May had fre-

quently been above 114°. During the voyage to

England, the thermometer was placed in the round- -

houfe, and was ohferved regularly at eight in the morn-
ing, at noon, and at three in the afternoon

; the winds

and weather are alfo fet down. The round-houfe,,

I have :
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I have been informed, is one of the uppermoft row of

cabbins, and is reckoned the cooleft and moft airy part

of the fhip. From February 1 3. to April 7. between

Madras and the Southern tropic, the thermometer was

conftantly between 77° and 86°, and very feldom lower

than 80°. From thence to April 23, lat. 34° i 2', about

1
5° E. of the Cape of Good Hope, between 70° and 80°.

From thence to May 20, at St. Helena, between 62° and

72°. Thence to Augull 2. in lat. 43° 14' N. between

71° and 80°; and from thence to Auguft 1 5, in the Eri-

tidi Channel, between 62° and 70°. At land it is well

known, that the heat is ufually conliderably greater in

the middle of the day than in the morning or night ;

but it appears from thefe obfervations, that in the open

fea, there is fcarce any fenlible difference
;
for in fettled

weather, the difference between the different times of

the day was rarely more than 1°, oftener none at all.

In unfettled weather there was frequently a difference

of 2°, fometimes 4°, fcarce ever more; but then there

feems no connexion between this difference and the time

of the day, it being as often colder in the middle of the

day than in the morning or evening, as warmer. There

is added a regifter of the thermometer, in the foldiers

barracks at Allahabad, on June 8, 1769, when from 10

in the morning to 8 in the afternoon it flood conftantly

above 100°, in the hotteft part of the day at 107°, and

during the whole night between 99° and 98°.

Sir Robert Barker, at my requeft, has been fo good as

to add the following account of the general ftate of the

weather in Bengal.

I THE
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THE rains at Bengal generally fet in between the i ft

and 1 5th of June, and continne till the middle of 061c-

ber, when it remains fair till February, the wind blow-

ing moftly from the N.E. quarter, in which month and

.March it is interrupted by the N.W. fqualls, attended

with violent gufts of wind, thunder, and lightning, wdth

fliort, but exceflive hard, fliowers of rain or hail, com-

,monly one, but rarely two, in each day. From the mid-

dle of March to the middle of June the weather is very

hot. At Allahabad and the upper country the rains

are not expecfted till the 20th of June, and feldom ex-

ceed the 30th, excepting in extraordinary feafons,

when it has been known to keep off till the 5th of July

;

but fuch an event is ufually attended with a great mor-

tality both ofmen and beafts. They break up about the

middle of September, and from this time to the begin-

ning of January it continues fair cold weather. In Ja-

nuary there are, almoft always, a few days rain, fekloni

more than a week, and that gentle and pleafant, which
is produ61ive of a fecond crop, which they ufually reap.

The winds at Allahabad fet in Eafterly from the begin-

ning of the rains, and blow almoft conftantly from that

quarter until the conclulion of the cold weather in

March, when it changes more Northerly, and is attended

by violent North-weft fqualls of thunder, lightning, rain,

and hail, at which time it changes to the Weft, blowing

with violence, and a heat which frequently deftroys the

birds and beafts in the fields, till the rains afford a re-

lief.
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lief. The river Ganges begins to fwell before the

commencement of the rains, reported by the natives to

proceed from the melting of the fnow on the Northern

mountains during the heats of May and June. But the

fudden rife of the waters in the Ganges, a few days after

the fetting in of the rains, is almoft incredible
; lince it

has been known to rife tw'enty feet in forty-eight hours

;

and its fudden fall is as extraordinary. In Bengal the

rivers are of courfe affected by the rife and fall of tlie

Ganges. Floods continue the whole time of the rains,

more or lefs ; but the greatelf overflowings are generally

at the beginning and the end or the breaking up of the

rains, at which period it rains with the greateft violence.

The waters at Allahabad and in all the upper countries

run off into the rivers as foon as the rain has ceafed, the

foil being for the moft part of fand, and the country in-

terfe<5led with fmall rivulets
; but in Bengal, and parti-

cularly fo lowdown as Calcutta, being of a clay foil and an

extenflve flat, the whole country is overflowed, forming

lakes of great extent, fome of them being flx miles over.

The water, therefore, generally remains till the Sun has

exhaled it, by which it becomes putrid, and renders thofe

parts extremely unwholefome, occafioning thofe deadly

putrid fevers, which carries offthe patient in a few hours,

known by the name of pucker fevers.

\

XX. A Second
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XVI. A SecondEJJay on the Natural Hijlory of the SeaAne~

monies. By the Abbe Dicquemare, Member offeveral

Academies., and ProfeJJor of Natural Philofophy., &c. at

Havre de Grace. T^ranjlatedfrom the French.

Redde, Mar. 9>T WAS concluding my cffay OH -the fea ane-

JL monies inferted in the LXIIId volume of

the Philofophical Tranfadtions, when I difcovered a

fourth fpecies of that animal, of which I could not

at that time take a drawing; and I have reafon to

think, that I have lince obferved a fifth fpecies. New
obfer*

Second Memoire pour fervir d VHiJloire des Anemones de Mer. Par M,

L’Abbe dicquemare, de plufieurs Academies Royales des Sciences,

Belles-Lettres et Arts, Profeffeurde Phyfique Experimentale, &c. au

Havre de Grace.

Le Havre, 19 Aouft 1774.

LO RS que je termlnois le memoire infere dans le LXIII™' volume des Tran-

faftions Philofophiques, je decouvris une 4""® efpece d’anemones de mer,

dont je ne pus domier la figure. Je crois meme en avoir depuis appcrju une

VoL. LXV. G g S
'"®.
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obfervations have encreafed the number of my experi-

ments : my ideas have been enlarged, my views extend-

ed
;
and the phsenomena crowd in fo faft upon me that

I dare not flatter myfelf with the hopes of ever arriving

at the end of this purfuit. The fcarcity of high tides,

the viciflitudes of feafons, and other flmilar impedi-

ments, make it lefs wonderful that a feries of years

Ihould often elapfe before it is poflible to prefent the cu-

rious with any difcoveries of which they might avail

themfelves, either by analyfls, combination, or analogy,

and thereby furnifh general views and a chain of ideas

leading to a new field of difeovery, the ufual efFefl; of

contemplation. I fliall here endeavour as briefly as pof-

fible, to communicate fome of the ideas that have been

fuggefted to me by my lafl: experiments.

How many are the animal fundtions, which feem to

depend upon fenfibility and irritability ;
and yethow little

are thefe faculties underftood ? how ignorant are we of

their

5""®. De nouvelles obfervations ont multiplie mes experiences, mes vues fe font

ctendues, mes deffeins fe font accumules, et les phenoinenes fe fuccedent de maniere

z me faire croire que j’en verrai difficilement la fin. La rarete des grandes marecs-, la

vicifiitude des faifons amene des annees, des fuites d’annees, avant de pouvoir ofFnr

aux favans quelques decouvertes dont on puiffe tirer avantage par I’analyfe, la com-

binaifon, I’analogie
;

et ouvrir par des vues generales, par la liaifon des idees, &c.

de nouvelles routes, fruits ordinaires dela contemplation. EfiTayons fans prolixite

d’expofer ici cpielques unes des vues que m’ont fait naltre mes dernieres experiences,

De combien de fonftions ces deux facultes trop peu connues, la fenfibilite

et nrritabllit^ ne paroiffent-elles pas etre la caufe ? mais combien encore la

Icur nous eft-elle' cachee? Quoique les nerfs femblent etre chez nous les prin-

I cipaux,
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their caufe ? The nerves feem to be the chief, perhaps the

only, organs of fenfibility inman, and the mufcular fibres

to be the principal feat of irritability
;
yet how many are

the doubts entertained concerning the parts that are and

are not endowed with one and the other ! how falfe and

erroneous the conclufions relating to the effedis they pro-

duce, notwithftanding the many experiments made on
animals, whofe interior ftru6lureis themoftfimilartoour

own ! It is then from accurate obfervations on fuch ani-

mals as bear the leafi: refemblance to our fpecies that we
may hope for new difcoveries. The fea anemonies are

exceedingly gelatinous, and at the fame time fo irritable,

that even light affedls them, though to all appearance

deftitute of eyes. Might not the rapid and fingular re-

production of the parts of this animal be attributed to

their gelatinous texture? and if fo, may we not rea-

fonably conclude, that the reproduction of our vafcular

and flefiiy parts in the confolidation of wounds is in

great

cipaux, peut-etre meme les feuls organes de la fenfibilite, et les fibres mufculaires le

fiege de rirritabllite
;
que de doutes fur les parties qui en font, ou n’en font pas

douees I que de faulTes confequences fur leurs efFets, malgre les experiences qu’on a

faites fur les animaux qui fe rapprochent le plus de I’homme par leur ftrufture in-

terieure ! C’eft done en examinant avec une attention fcrupuleufe ceux qui s’en

cioignent le plus que nous pouvons efperer de nouvellcs decouvertes. Les ane-

mones de mer, animaux extremement gelatineux, font fi irritables, que la lumiere

les affefte, quoiqu’ils ne paroiffent point avoir des yeux. Unefubftance aulHge-

latineufe ne feroit-elle point la caufe principale de la prompte et finguliere repro-

duftlon de leurs parties ? et li cela eft, ne pourions nous pas penfer que dans la re-

produftion de nos chairs et de nos vaiffeaux, dans la confolidation des playes, &c.

G g 2 la
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great meafure owing to fuch a gelatinous matter; and
fliould we not feek for means to increafe or diminidi the

quantity of that matter as circumftances may require ?

—

I cannot quit this fubjedl without reluctance.—If it be

true, that earth and a gelatinous fubftance be the con-

ftituent parts of the mufcular fibres of fuch animals as

we are befi: acquainted with, and that only the latter be

capable of irritation; doth it not follovc, that the ge-

latinous nature of the fea-anemonies is the true caufe of

the effect produced upon them by the impreffion of

light? and may we not conjecture, from the very gelati-

nous nature of thefe animals, and from their being affeCt-

ed by light on every part of their bodies, but more par-

ticularly on thofe that are recently cut; may we not,

I fay, from hence conjecture, that the gelatinous part

of the mufcular fibre is the only one capable of irrita-

tion in ourfelves ? Might not thefe animals, by a fober

ufe of analogy, or by new experiments, lead us to a

more

la partle gelatineufe joue un grand role, et chercher les moyens de I’augmenter ou

de la diminuer felon les circonftances. J’ai peine a abandonner cet objet. S’il

eft vrai <^ue dans les animaux qui nous font plus connus, les fibres mufculaires font

compofees d’une partie terreufe et d’une partie gelatineufe, et que cette derniere

foit feule irritable, reffet queproduitla lumlere furies anemones de' mer n’auroit-

il point pour caufe leur fubftance gelatineufe ? ou ne pourribns nous pas conjec-

turer (de ce que ces animaux font tres gelatineux et affefles de la lumiere par

toutes les parties de leur corps, plus meme par celles qui font recemment coupees)

que c’eft reellement cliez nous la partie gelatineufe de nos fibres mufculaires qui

eft la feule irritable ? Ces animaux ne pourroient-ils point, par une forte d’analogie,

do'nt pourtant il ne faut pas abufer, ou par de nouvelles experiences, nous fairc

mieux
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more perfedl knowledge of thofe fingular enemies to

man, the tape, the hairworm, and the fea dragon? Ifhall,

however, leave thefe refearehes, to which nature feems.

to invite us, and from v/hich ufeful difcoveries may pro-

bably be derived, to-thofe who apply folely to phyliology

and fliall here content myfelf with laying before the

public, the obfervations and experiments to which I have

confined my refearches..

I continued to obferve the inferior half of a purple

anemony of the.firft fpecies, which I had cut in two on
the 1 2th of July 1772, and which was alive on the Stir

of April 1773, the day on which I concluded my former

elTay : it appeared to me to be daily recovering ftrength.

On the 2 6th I found it at the bottom of the velTel. On the

I ft of July it climbed up the fides almoft to the furface

of the water; and this it repeated on the 1 5th and 2 2d^

above a twelvemonth after the time it had been cut. On
the 25th a crab (cancer lanoftis^ cancer vmenatus) half

dried,

mieux connoitre ces finguliers ennemisdc les crinonSjl’homme les draconcules, le

tenia et autres? c’efi; a ceux qui s’occupent uniqueraent de la phyfiologie a fulvrc

ce rentier, que la Jiature nous prefente, et qui pourroit conduire a un champ fertile.

Reftrcint a mes petites obfervations, et a. mes experiences, je me contenterai dc

les faire paffer fous les yeux du public.

La moitie inferieure du corps d’une anemone pourpre.de la premiere efpecej

que j’avois coup.ee le 12 Juillet 1772, et qui avoit vecu jufqu’au 8 Avril 1773, .

jour ouje terminois mon premier memoire, continua d’etre obfervee; elle fe for-^

tifioit de jour en jour. Le 26 je la trouvai au fond du vafe, le premier Juillet

elle montale longdes parois prefque a fleur d’eau, le 15 et le 22, c’eft-a-dire plus

d’un an apres qu’elle eut ete coupee, elle y monta encore. Le 25, un cancre

(cancer lanofus^ cancer venenatus) a demi dcffechc tomba dans le vafe, y fejcurna

2 quelqucs-
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dried, fell into the veffel, and after continuing in it fome
hours, infedted and tinged the water in the fame man-
ner as if hufkis of walnut or pieces of foot had been

thrown into it, which had fuch an effedt upon the piece

of anemony, that it threw up a great quantity of its in-

te(lines. On the 30th it laid hold of the (ide again, but

•was conliderably flirunk. In the beginning of Septem-

ber it received a fecond injury, from another piece of

anemony, which having been damaged in the fame man-
ner by the former accident, fuddenly putrified and in-

fedled the water: more of the intelfines were now dif-

charged ;
and this la(l accident, added to the former one,

affedled the creature to fuch a degree, that it wafted gra-

dually till the 8th of Odlober, when it was totally dif-

folved. The fea-anemonies are undoubtedly fufceptible

of irritation to a very great degree; but is all that hath

been defcribed to be conftdered as the mere eftedl of irri-

tability ? Allowing that to be the cafe, will it not follow,

thatwe are more in the dark concerning that faculty than

is

quelques lieures, empoifonna et teignit I’eau, comme I’auroit fait le brou de noix

ou un morceau de fuie : la partie d’anemone en foufrit,jufqu’a jetter dehors une

quantite d’inteftins. Le 30 elle s’attacha encore, elle etoit alors diniinuee de

volume. Ayant eu a foufrir dans les premiers jours de Septembre d’une autre

partie d’anemone, qui avoit effaye le meme accident, et quL fe corrompant tout a

coup gata I'eau, quelques intelfins lui fortirent de nouveau; ce dernier accident

luite du premier I’alfedla fi fort, qu’elle diminua de plus en plusjufqu’au 8 0£tobre,

qu’eile etoit totalement decompofee. Les anemones de mer font fans doute tres

irrltables
;
maispeut-on rapporter tout cequi vient d’etre expofe au feul effet de

Virritabilite ? et (i cela etoit, cette faculte ne nous feroit-elle pas encore moins

eonnue
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is generally thought? It is ufual to afcribe to it the palpi-

tation that is perceived in the flefli of oxen, when cut from

the animal, in the fevered pieces and hearts of fome rep-

tiles, as the doth, and other involuntary fpafmodic moti-

ons
;
but is it pollible, that determinate motions, that ac-

tions which feem to imply will,fuch as clinging,8cc.which

in our experiment were continued forthefpace of fifteen

months, and, but for an accident, might probably have

been carried on much longer, fliould arife from meer

irritability without any other caufe ? The upper part

of another fea-anemony, of which the inferior was be-

come a perfect animal, lived fix months after its being

cut, and feemed to feed by fudlion upon pieces of muf-

cle I put in its way. Sea-anemonies, which I had cut

diametrically and perpendicularly, were not eflTentially

hurt by that operation ;
which might be expe(5ted to difr

order more than any the whole animal oeconomy, and

to be particularly injurious to the bafis of this animal,

which

connue que nous ne le penfons ? On y rapporte comunement les niouvemens qu’on

apper^oit dans la chair de boeuf feparee de i’aniinal, aux troncons, au coeur dc

certains reptiles, a celuides parelTeux, &c. inais des mouvemens determines, des

aftions, comme celle de s’attacher, et autres qui dans cette experience ont dure

quinze mois, et qui auroient etc plus loin, peuvent-i!s n’avoir que I’irritabilite

pour caufe ? La partie fuperieure d’une autre anemone, dont I’inferieure etoit

devenue un animal entier, a vecu fix mois, et paroiflbit le nourrir en fucant des

morceaux de moule que je lui prefentois, Des anemones de mer coupees diame-

tralement et perpendiculairement ont foutenu fort bien cette operation, qui fem-

ble devoir deranger plus que toute autre Toeconomie animale, et ofi'enfer confi-

derablement la bafe, qui eft dans-<€s animaux une partie tre? eftenticlle, et dans

quelques
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which is its moil: effential part, and in fome fpecies is ex-

ceedingly tender. The t\t o Tides loon came together, but

but 'were Ibme time in contact before they conne6ted.

The junftion, however, was at laft fo perfe(T, that no
vifiblc fear remained upon the robe, the continuity of

the little blue edge was not in the lead: interrupted, and

the mouth was perfectly redored. Thefe femi-anemo-

nies, which I dill preferve, have long fince acquired the

appearance of the perfect animal, and perform all its

fim'ftions, fuch as moving from place to place, fwallow-

ing, Sec. This leads to the refle6tion that if, as hath been

aiierted, the power of loco-motion in thefe animals de-

pends upon a certain combination of flraight and circu-

lar tubes, it is not requilite, in order to exert it, that the

continuity of thefe tubes be uninterrupted, fmee half an

anemoiiy newly cut changes its place with as much eafe

Tis a whole one. It will no doubt aj^pear a curious en-

quiry, whether thefe femi-anemonies, after becoming in

a manner wdiole ones, are capable of propagating their

fpecies.

quclques efpeces, tres delicate. Les deux cotes fe Ibnt rapproches
;
mais ilsont

cte long temps a fe joindre folidement; cependant cette jonftion fut operee au

point qu’il ne reftoit aucune marque fur la robe. La petite bordure bleue n’etoit

nnllement interrompue, et la bouche s’eft refonnee. Ces moities d’anemones que

]e conferve, et qui ont depuis longtemps tout Fair d’un animal entier, en font toutes

les fonftions, comme de changer de lieu, d’avaler, See. Sur quoi il faut re-

marquer que sM eft vrai, comme on la cru, que ces animaux changentde lieu au

nioyen de canaux droits et de canaux circulaires, dumoins 11 eft vrai auffi qu’il

h’eft pas necefl'aire que ces canaux foient entiers, puifque des moities d’anemones

nouvellement coupees ne laiffent pas de changer de place auffi facilement que I’ani-

mal'entier. On feroit fans.doute curieux de favolr ft ces moities d’anemones,

devenues
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Ipecies. To this I can only anfwer at prelent, that 1 have

not yet feen the generation of anemonies, except in the

fea, or in animals newly taken out of it. It muft further

be obferved, that thefe anemonies, perfe6l as they feem

to be, may perhaps have only half the number of limbs

of the whole ones, whereof they made a part : fo that the

whole wonder comes to this ; that the fevered halves of

an animal fliould recover, and each taking the appear-

ance of an entire individual, continue to live as if they

were fueh. And fuch in fa6t I believe they are
;
but this I

have not yet been able to afcertain, as the anemonies of

this fpecies have not all the fame number of limbs, as it

is always very difficult to count them, and as all thofe

upon which I have hitherto made the experiment had a

great number of them. However, as no manner of dif-

ference appears, I am inclined to fufpe6t that new limbs

flioot out between the old ones.

After

devenues en quelque forte des animaux cntiers, donnent des petits; il fuffit de

repondre ici que je tl’ai jamais vu naitre des petits que des ananones qui etoientea

Hier, ou de celles qui en etoient tirees depuis peu de temps. II faut encore ob-

ferver, que ces pretendus animaux complets n’ontpeut-etreque la moitie des mem*
bres qu’avoit I’animal dont ils faifoient partie, et qu’ainfi le merveilleux de cette

operation fe reduiroit a voir chaque rtioitie d'un animal fe guerir, prendre la forme

ck I’animal entier, et vivre comme s’il I’etoit. Je crois qu’ils le font en effet J mais

je n’ai pu encore le verifier exaflement, parceque les anemones de cette efpece

n’ont pas toutes le ineme nombre de membres, qu’il eft tres difficile de les compter,

et que toutes celles que j’ai operees en avoient beaucoup. L’apparence eft; abfo-

lument la meme, peut-etre leur poulTe-t’il des membres entrc les autres.

VoL. LXV. Hh On
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After ha'ving obferved thefe animals during fevcral

years, both in the fea and in my ftudy, it will no doubt

be expe6ted, that I lliould now give a particular account

of their manner of propagation; but here I can only

confefs my ignorance, having never been able to get at

the knowledge of any one circumftance relating to it

:

which makes me fufpe61:, that thefe animals prox^agate

without any communication of individuals. What I

would here fuppofe is by nomeans unexampled. Among
the aphides^ for inftance, (whofe mode of x^rojiagation de-

ferves to be further examined) though the fexual j:)arts

have been difcovered, individuals neverthelefs are found,

which, though deprived of all communication one wdth

another from the very moment they are brought forth,

yet produce an offspring, which being likewife denied all

intercourfe, ftill propagates ; and fo on, through a great

number of generations, which fucceed each other very

,rapidly. The mufcle alfo is thought to be an animal of

the fame nature.

The

On s’attend pent etre qu’apres avoir obferve ces animaux pendant plufieurs

annees a la mer et dans le cabinet, je vais expofer ici tout cequi concerne leur

generation : point du tout! il ne m’a pas ete poffible d’en decouvrir la moindre

cliofe; ce qui m’a porte a croire, que cette efpece fe multiplie fans qu’un individu

ait befoin de la participation d’un autre. Ce que j’etablis n’eftpas fans exemple.

Les pucerons, dont la generation merite encore d’etre examinee, quoiqu’on y ait

decouvert des parties fexuelles, ofFrent, a ce qu’on allure, des individus qui fepares

les uns des autres des la fortie de la mere, donnent des petits, et ceux-ci prives

de meme de toute communication en donnent encore, ce qui a ete pouffe jufqu’a

un grand nombre de generations, parcequ’elles fe fuccedent promptement : mais

pour ne pas fortir des eaux ; la moule paroit dans le cas que nous fuppofons.

La
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The anemonies of the fecond fpecies are not only lefs

obvious to our obfervation, but it is with difficulty they

are preferved in any degree of perfedtion. They cannot

be taken out of the fand without depriving them of their

natural pofition. Common mixed fand kills them in a

few days; and that which is purified affords them no

longer the ffime, the fmall infe<fi;s, or other neceflary

fuftenance, which we cannot poffibly divine. In pluck-

ing them from their native foil their bafes generally fuf-

fer, and the wounds in that part are frequently mortal.

One of the fafeft expedients is to gather with them the

pebbles to which they adhere
;
or what is ftill preferable,

to obferve them in their natural element the fea. It is

there that, without the leaf! hoflile appearance, they

are feen to make an incredible havoc. I have feen an

anemony of a moderate fize fwallow a fmelt at leafl fix

inches long. The limbs of this fpecies, which are much
thicker than thofe of any other, being clipped, new ones

llroot out as in former cafes. The progrefs of this repro-

dudtion,

La feconde efpece eft non feulement plus difficile a obferver que la premiere,

mais il n’eft pas facile de la conferver en bonetat. Hors du fable elle n’eft plus

dans fa pofition naturelle. Celui qui n’eft pas purifie la fait perir en peu dc

jours; celui qui eft net ne lul fournit plus le limon, ou les petits infe£les, ou quel-

qu’autre comniodlte, que nous ne devinons pas. On arracbe la bafe prefque tou-

joursjplus ou moins, en la detachant, et ces plaies font fouvent mortelles. Le moyen

leplus certain c’eft d’apporter avec elle, les cailloux fur Icfquels elle eft attachee,

ou, ce qui eft blen mieux, de I’obferver a la mer. C’eft la que fous I’exterieur le plus

paifible, on lui verrafaire un degat etonnant. J’ai vu telle anemone de moyenne

grofleur avaler un eperlan de fix pouces de long. Les membres de cette efpece

bcaucoup plus groffTe que les autres repoufiTent aulfi apres avoir ete coupes. Les pro-

H h 2 grb
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du6lion, which is effe6ted in a few days, is fcarce per-

ceptible ; and it is fo perfect, that no protuberant rim or

vihble fear remains. Neither the colour, the fize, nor

the form, are any w^ays altered. This anemony is able to

creep w^hen deprived of its limbs
;
which feems to j^rove,

that the communication, wdiich is thought to exift be-

tween the limbs and the hollow mufcles, may be inter-

rupted, without fenfibly reftraining the animal’s loco-

motive powers. Thofe limbs, it is true, enable the ani-

mal to crawl when turned on its back; but do by no

means ferve as legs for walking fteadily, as hath been

erroneoufly afferted, and mifreprefented in ill-drawm fi-

gures. I made large incihons on feveral anemonies

in the fea, which healed in a very fliort time ; but I al-

ways took care not to injure the bafis, as any confidera-

ble wound, and efpecially the leafl rent, on that part of

this fpecies proves often mortal. I do not mean to quef-

tion the pofiibility of what hath been repeatedly faid of

I an

gres de cette reproduftion, qui s’opere enpeu de jours, font difficiles a faifir et a

fuivre, die eft ft parfaite qu’il n’y a aucun bourrelet. La couleur, la grofleur, et

la forme font les memes. Lorfque I’anemone a les membres coupes, die ne lailTe

pas de marcher: ce qui prouve que fi, comme on la cru, il y a communication

entre les membres et les mufcles creux, die peut dre interceptee fans que les

mouvemens en foient fenfiblement genes. Ces membres fervent bien a I’anemone

a fe trainer, lorfqu’dle eft retournee ou renverfee ; mais ils ne lui fervent pas de

jambes pour marcher ferme, comme on Fa pretendu, et comme le reprefentent

des figures mal deffinees. J’ai fait de grandes incifions a des anemones qui

etoient en mer; elles fe font cicatrifees; mais j’epargnois la bafe: car les bleflures

confiderables y font fouvent mortelles dans cette elpece, fur tout les dechiremens.

Ce qu’on a dit et repete d’une anehuone, qui nc pouvant rendre une moule,. Favoit

i fait
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an anemony, which not being able to void a mufcle it

had fwallowed, forced it out through a rent it made with

the mufcle itfelf at its balls, and that this rent was foon

after perfe6i:ly cicatrized. But a love of the marvellous

too plainly appears throughout the whole narration, and

the inferences drawn from the fa6t give room to fufpe(51,

that little attention had been paid to the concomitant cir-

cumftances. Wounds of this nature often occalion a dif-

order in the interior part of the anemony, the progre^b

of which foon brings on its total dilfolution. Of all the

kinds of fea-anemonies I Ihould prefer this for the table

:

being boiled fome time in fea-water they acquire a firm

and palatable conliltence, and may then be eaten with

any kind of fauce. They are of an inviting appearance,

of a light fhivering texture, and of a foft white andreddifb

hue. Their fmell is not unlike that of a warm crab or

lobfter. I have feen fome of the young of this fpecies,

but have been able to make no difcovery concerning

their mode of propagation. A de-

fait ibrtir en faifant avec cette moule une dechirure a fa bafe, laquelle s’etoit cica-

nifee peu apres, n’eftpas impoffible: mais I’amour du merveilleux s’apper^oitdans

la maniere de rapporter le fait, et les confequences qu’on en tire font voir qu’on

avoit peu obferve avant et apres. Ces fortes de playes laiffent fouvent dans Tin-

terieur une maladie dont le progres fait perir I’anemone. De toutes les elpeces

d’anemones de mer, celle-ci m’a paru devoir merlter la preference pour la table.

Lorfqu’on les a fait bouillir un peu longtemps dans I’eau de mer, afin qu’elles

Ibient bien cuites et un peu fermes, et qu’on les fert pour manger a quelle faulTe

on juge apropos, elles ontun air ragoutant, une confiftence legere et tremblante,

une couleur douce melee de blanc et d’un rouge agrc'able, et une odeur d’ecreviffe

ou autres cancres encore chauds. Je n’airien pu decouvrir fur la generation de

cctte efpece: j’ai vu feulement de jeunes individus.

Le
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A detail of my former obfervations and experi-

ments would be here an ufelefs repetition: I fhall

therefore only obferve, that the femi-anemonies of the

third fpecies have fo entirely recovered the i:>arts they

had been deprived of, whether the fuperior or the balls,

that no manner of difference could be perceived.

Some of the men of learning, whom my firll difco-

veries brought to my ftudy, imagined that the balls

v^s the molt effential part of the animal, and that the

mouth and limbs were to be conlldered only as extre-

mities. I was myfelf inclined to adopt that notion, feeing

that in all the fpecies abovementioned, the balls ever

gave the greatell marks of fenllbility, that the inteltines

are htuated in that region, 8cc. but who, on feeing

the upper part of an anemony producing a new balls

perfedlly hmilar to that which had been fevered from it,

will any longer maintain fuch an opinion? During

the great equinoxial tides, in places from whence the fea

feldom

Le detail de mes obfervations et de mes premieres experiences feroit ici une

repetition inutile : il fuffira de dire, que les moities d’anemones de la 3®“' efpece

ont repouffe fi parfaitement ou la bafe ou la partie fuperieure qui leur manquoit,

qu’il n’eft pas poffible de s’en appercevoir. Parmi les favans que mes premieres de-

couvertes attiroient a mon cabinet, il s’en trouva qui crurent que ce qui conftitue

effentiellement I’animal etoit dans la bafe, et que les membres et la bouche devoient

cn ctre regardes comme les extremites. J’etois mol meme tentede le croire, d’autant

que la bafe m’a toujours paru plus fenfible dans toutes les efpeces, et que c’eft dans

cette region que font contenus les inteftlns. See. mais quelle apparence de refter

dans cette perfualion, lorfqu’on voit la partie fuperieure reformer une bafe tout a

fait femblable a celle qui a ete retranchee ? Pendant les grandes mers d’equinoxe,

aux
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feldom recedes, I law feveral of thefe animals which had

been cut through the middle, perhaps by fome crab, by

the fudden collilion of pebbles, or by fome other means,

which though not unnatural, we may yet not be able to

account for. They foon began to recover. I fliould have

taken them for a new fpecies, had not my former expe-

riments pointed out to me the gradual reproduction with

which nature, no lefs various than impenetrable in her

refources, kindly indulges them. Are not the accidents

which happen to birds, quadrupeds, and even to man,

frequently followed by effeCts, which feem intended to

convince us, thatwe lay too great a ftrefs on the refources

of art, and truft lefs than we ought to do to nature ?

Although I could never yet arrive at any certain know-
ledge concerning the generation of this fpecies, I fufpeCt

that it is different from that of the others. Several

of my fpecimens have fuddenly let fall to the bottom

of

aux licux d’ou la mer fe retire rarement, j’ai apper^u pluGeurs de ces animaux

qui avoient ete coupes par la moitie du corps, peut-etre par quelque cancre, par le

choc fubit de quelque caillou, ou par quelque autre moyen meme naturel que

nous ne pouvons pas prevoir
;

ils commen^oient a fe retablir. Je les aurois pris

pour une efpece difFerente, fi les experiences que j’avois tentees auparavant ne

m’avoient fait connoitre le retabliffement gradue que leur accorde la nature, dont

les reffources fontd^autant plus inconnues qu’elles font fans nombre. Ne voit-on

pas de temps en temps, a I’occafion des accidens qui arrivent aux oifeaux, aux qua-

drupedes, ct a I’homme meme, des efFets qui femblent deftines a nous con-

vaincre, que nous comptons trop fur les refFources de I’art, et trop peu fur celles dc

la nature. Quoique je n’aye eu aucun eclaircifFement fur la generation de cette

efpece, je foup^onne qu’elle eft difFerente des autres. Plufieurs individus ontjette

tout
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of* the vefTel in which they were kept, a llimy fubffancc,

nearly of the colour of their bodies, perhaps fomewhat
yellower, which, in the microfcope, appeared to confifl

' of a great number of globular particles, pretty much re-

fembling the fpawn of filli*

The firft anemonies I procured of the fourth fpedes,

had probably been brought near the coaft by fhl'iermen,

for they generally keep in deep water where they are

found adhering to oyhei-fliells. I caufed feveral to be

brought into my fludy, where being put into fea-water

they foon expanded* The largeft, which opened firlf,

puzzled me not a little. I could difcovcr no bails, but

only law limbs projecting on ever}- hde. I flattered my-
felf that a greater expanlion would clear up the diffi-

culty
; on the contrary it only added to it* The othen

opened, and appeared in a fliape much more fimi-

lar to that which I expedfed. I faw a bafis, a body, a

great

tout a coup au fond du vafe ou je les confervois une efpece de limon, de la couleur

de leur corps, ou un peu plus jaunatre, lequel examine au microfcope paroit

forme d’une tres grande quantite de globules qui auroient affez I’aird’un fray.

Les premieres anemones de la quatrieme efpece que je trouvai avoient vrai-

femblablement ete apportees au bord de la mer par les pecheurs; car elles fe tiennent

au large, et font attachees fur les tiuitres. J’en fis apporter plufieurs a mon cabinet

et les ayant mifes dans I’eau de mer, elles s’ouvrirent. La plus groffe, qui

s’ouvrit la premiere, me donna bien de la tablature. Je ne favois ou en pouvoit

ctre la bafe, appercevant des membres de tous cotes; j’attendois a etre inftruit par

un plus grand epanouiffement : mals plus il aVan^oit moinsje voyois clair. Les

autres individus s’ouvrirent, et fe prefenterent fous une forme plus approchante dc

celle que j’attendois, Je vis une bafe, un corps, une grande quantite de membres

tres
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greaj number of llender limbs, the aflemblage of which

formed, at firft, different kinds of tufts, and afterwards

various fine plumes of a whitifli line inclining to car-

nation. I returned to my firft fpecimen, which now ap-

peared to confift of two animals joined at the bafis. i

became very felicitous to unravel the myftery of this fin-

gular union. At length I perceived, that- this was a

monfter of its kind, confifting of three different ani-

mals blended into one. It periflied twelve days after I

had received it. Its internal ftruaure, though in great

confufion, was yet an interefting objedf to thofe who are

acquainted with that part of this animal, and who have

a tafte for comparative anatomy. It appeared in fuch

difbrder that I can fcarcely conceive how it was poflible

for the creature to live in that condition. The ftate of

diffolution, which began foon after, and the impoffibi-

lity of reprefenting every part at one view, prevented

my taking a drawing of this remarkable infide. Its

mouths

ti'es delies dont I’affemblage formoit des efpeces de houpes, enfoite de beaux

panaches, le tout blaiic tirant un pen fur la couleur de chair, Je letournai a

mon premier individu, qui me parut double, les bafes etoient leunies. Quelle

eft cette union finguliere, me difois-je a moi memc. Enfin je m apper^us qoe c etoit

line anemone monftrueufe, dans laquelle trois individus fembloient etie con-

fondus. Douze jours apres, cette anemone a peri. Sa flru^ure interieuie, quoi-

que tres confufe, ne laiffoit pas d’etre intereifante a voir, pour quiconque con-

noit celle de ces animaux, et a du gout pour I’anatomie comparee. Elle etoit

dans un boulverfement fi grand que j’ai peine a comprendre, comment 1 animal

avoit vecu. II ne m’a pas etg poffible de defliner cet interieur a caufe de I’etat

de decompofition qui commen^oit, dailleurs il falloit voir partie apres paitie, cc

qu’il ri’etoit pas aife de bieti rendfc. ^s bouches -de cote et d’autre etoient bien

VoL. LXV. I i
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mouths on either fide were regularly lhaped, but rather

lefs than the ufual fize ; and in the folds, formed by the

bafes, feveral limbs appeared, which feemed tobelong to a

third animal, incorporated in the two that were more ap-

parent. The fequel will fliew, that this is not the only

peculiarity I have obferved in this fpecies, which by its

manner of propagating feems particularly calculated for

producing monfters. The anemonies of this kind are

commonly found adhering to the convex fliells of oyf-

ters : they abound in the road of Havre de Grace, fo that

I had no difficulty in procuring whate^"er number I chofe..

A vifcofe matter, like that which is feen on fifli newly

caught, iffiies from themv I have opened between two or

three hundred of a large fize, but I never found in any of

them either whole or parts of animals; and yet as often

as I offered them a piece of oyfler or mufcle, they would

fwallow it. The large anemonies of this fpecies are gene-

rally furrounded.by a multitude of fmall and middle-fized

onesy

faites, feulement un peu petltes. Dans les daplicatures que formoient les bafes on

appercevoit des membres qui paroiffoient appartenir a un troifieme individu con-

fondu dans les deux plus apparens. On verrapar la^fuite que ce n’eft pas la feule

iingularite que ni’ait offerte cette efpece, qui paroit tres propre, par fa manlere de

fe perpetuer, a donner des produdlions monftrueufes., C’eft ordinairement fur

Fecaille la plus convexe des huitres que. ces anemones fe trouvent attachees: il y

an a dans les rades-du Havre une quantite prodigicufe; il ne m’a done pas ete dif-

iicile de m’en procurer. Elies- rendent une matiere. vifqueufe comme celle du

poiffon' nouvellement peche. Quoique j’en aye ouvert de deux a trois cens fort

groffes, je n’ai jamais trouve dedans aucun animal ou portion d’animal: mais

lorfque je leur ai prefente des morceaux d’huitres ou de moules, dies les ont

avales. Autour d’une grolTe anemone de cette efpece on en volt.ordinairement

2 une
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ones, which form very pleafing groups (fee the figure,

TAB. VI.). In fearching into themyftery of this numerous

progeny, I obferved that the bafes of fome of thefe fmall

anemonies were not perfedtly round, and that in others

they mutually adhered one to another: nor was this

communication nothing more than apparent; forwhen-
ever I flightly touched with a pointed inftrument, the

bafis between two connedled anemonies, they both con-

tracted at the fame time. I alfo obferved, that this

common bafis diflended itfelf gradually near the mid*

die, where it affumed the appearance of a net, which

burfling at length, left every fmall anemony to live

by itfelf. I moreover perceived, that there iffues out

of the body of the anemonies of this fpecies, through

little pores, and alfo out of their mouths, a confide-

rable number of round, foft, limber threads, of the

thicknefs of a horfe-hair, and of the colour of the ani-

mal. On viewing them through a lens, I obferved a

great

une multitude de petites ct de moyennes qui ferment de tres jolis groupes (voyez

la planche). En recherchant tout ce qui pouvoit me devoiler le miftere de

cette nombreufe progeniture, je remarquai, qu’il y avoit certalnes petites anemones

dont la bafe n’etoit point ronde, et d’autres unies entr’ elles par la bafe. La
communication n’etoit pas feulement apparente : car lorfque je touchois legere-

ment avec une pointe fine la bafe entre les deux petites anemones, elles fe fer-

moient en meme temps; je remarquai de plus,que cette bafecommune s’elargiflbit

peu a peu par le milieu, et y devenoit corame un filet, et qu’enfin clle s’y rompoit,

ce qui procure a chaque petite anemone la faoulte de vivre en particulier. J’obfer-

vai encore qu’il fort du corps des anemones de cette efpece, par de petits trous, et de

Icur bouche, un nombre confiderable de cordons ronds, mous, delies, de lagrofleur

d’un crin, et de la couleur de I’animal
:
je les examinai a la loupe; jjs me parurent

I i 2 a pcK
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great refembl'ance between them and the fpermatic vef-

fels of men, when ftripped of their outward flieath.

Through a common microfcope I law fibres in them
which croffed each other in every diredtion : and by

means of a folar microfcope, which magnified them to

a diameter of five inches, they appeared of a very clofe

texture, which, when decompofed, feemed to confift

of an infinite number of vefTels, crofling each other

in almoft every direcffion; but faitheft extended length-

wife. A liquor feemed to circulate in the largefl of thefe

vefTels, which, where they meet, form kinds of gang-
lions like the optic nerves in man. Such an organiza-

tion cannot furely but be intended for valuable purpofes.

Is it not probable, that thefe threads contain certain,

knots, bulbs,, knobs, or buds, which open in time, and

cleaving to the bodies on which thofe threads are ex-

tended, produce fmall anemonies, which at firfl commu-
micate one with another, but afterwardsfeparate by a con-

'
‘

• tra6lion,

a peu pres figures comme les vaifeaux fperniatiqucs dans I’homiTie depouilles de

leur gaine. J*y voyois au microfcope fimple des fibres croifees en tout fens, ct

au microfcope folaire apper^ues fous un diametre de cinq ponces, on voyoit un tiffu

ferre, qui venant a fe decompofer laiffoit appercevoir une quantite immcnfe de

vaiffeaux croifes prefque en tout fens, et qui cependant s’e'tendoicnt plus fur la

longueur. Une liqueur paroit circuler dans les plus gros, quien fe rencontrant

ferment des efpeces de ganglions comme les nerfs optiques dans fhomme. Une

teUe organlfation eft fans doute deftinee a des ufages precieux. N’'y auroit-il

point dans ces cordons certains noeuds, bulbes, boutona, oeuilletcms, qui vensnt

a s’ouvrir et a s’attacher fur les coi*ps ou ils font etendus, y formeroient autant dc

petites anemones d'abord communiqueroient Tune a I’antre, et fe fepareroient

en
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tra(5lion, as I have myfelf obferved in fome of them.

This I concluded from my having never found any

young ones in the great number of anemonies I have

opened; at the fame time that I have feen prodigious >

quantities, of avery fmall lize, adhering to oyher fliells,..

This, however, amounted to no more than a conjedlure ;^

which not being confirmed by fubfequent obfervations, I .

might have been tempted to conclude from analogy, that

(as in the cafe of the firfi: fpecies) the young ones are.

brought forth, ready formed, through the mouth, at cer-

tain feafons in which I have not yet opened any of thefe..

anemonies,^ Analogy is too frequently mifapplied, and in

this infiance it would have led me into error. A know-
ledge of the operations- of nature is to be acquired by

dofe infpeftion, not by loofe conje6lures, . From a feries

of obfervations, yvhich to avoid prolixity I fliall not here

repeat, I have learnt, among other fingularities, that

thefe. animals having their bafes irregularly diftended,.

and their extremities clofely adhering to fome hard body,

commonly

€nfuite pa.r etranglement, comme j’en.ai vu. Je raifonnois n’ayaut trouve

:

aucunspetits dans les anemones quej’avois ouvevtes, tandis qne j’en.voyois pro^

digieufement et de tnes ptfites fur les liuitrea. Ce n’etoit done qu’une conjec-

ture qni, ne fe realifant pas, auroit pu me lailTer penfer par analogic que, comme

dans la premiere efpece, les petits naiffoient tout formes par la bouche, dans ccr-

taines faifons ou je n’avois pas ouvert detces anemones. Cette analogic, dont on

abufe 6 fouvent, m’auroit trompe. II faut.voir,; et non pas deviner les opera-

tions de la nature. Desfuitsad’obfcrvations, que je nepuis raporter ici fans pro-

lixite, m’ont appris entr’autres liagularstes, que ces animaux ayant labafe in^gale-

*»ent ctendue et fortement attacb.ee par les extremiles fur am corps dur,. fouvent

;

line
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commonly an oyller Ihell, they, by fiiddenly Ihrinking,

leave upon that body fome fmall portions of the rim

of their bafes, in fize inferior to a lentil. Thefe lit-*

tie flireds have, at firft, no determined figure
;
but gra-

dually aflTume the rounded fliape of a drop of tallow : at

length, in the fpace of two or three months a hole ap-

pears in the middle, which forms the mouth. An in-

ternal organization, dilatations and contractions, fenfi-

bility, and other gradual improvements, foon after prove

them to be animals fimilar to thofe to which they owe
their origin. It might be imagined, that fome time mufl:

clapfe before they can grow to a circumference of two

feet. I have not been able to follow them to that degree

of increafe ;
but 1 have feen them in my houfe, where

they are far from being fo favourably lituated as in the

fea, growing to a fize large enough to convince perfons of

ever fo little obfervation, that they belong to the fpecies

of the large anemonies. The fame flired often produces

feveral

une grofle huitre, ils fe retirent fur eux memes, et laiflent par ce moyen fur cc

corps uneou plufieurs petites portions du bord de leur bafe, moins grolTes qu’une

lentille. Ces petits lambeaux paroiflent d’abord informes, ils s’arrondilTent peu

a peu en goute dc furf ; enfin dans I’efpace de deux a trois mois, on y obferve un

trou dans le milieu, e’eft la bouche ; une organifation interieurc, des dilatations,

des contraAions, la fenlibilite, et autres progres fucceflifs, qui en font une ane-

mone femblable a celle dont ils tirent leur origine. II paroit qu’avant d’avoir

acquis deux pieds de circonference, cela doit etre long. Je n’ai pu les fuivre juf-

qu’a ce terme ; mais je les ai vues chez moi ou dies nc font pas dans des circon-

ftances femblables a cellcs de la mer, devenir affez grandes pour que ks gens les

jplus grofliers puffent les reconnoitre pour appartenir aux grandes anemones. Sou-

vent
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feveral fmall anemonies, which at firft adhere together^,

and in time are feparated by the little contradlion I have

already mentioned; but if they happen to remain con-

nected, they then produce lingular forms and often

monfters. Belides the anemony ahovementioned, the

old one of this fpecies, which hath particularly unra-

velled this myftery to me, was formed in the fliape of a

Y,, having two perfeCt bodies, whereof the bafes, both

perforated, adheredand communicated to the fame trunk

ofwhich I convinced myfelf by obferving the foodwhich

defcended into the mahi trunk: neither did thefe two

anemonies, thus connected,, ever appear to me to have

different inclinations, as- is the cafe with thofe that are

once feparated. Is it not reafonable therefore to fuppofe,

tliat in this ftate of union, every want was common, and

each had. its feparate defire of fatisfying.it;, and that, to^

keep up the habitual exercife of the animal functions in

each, both were upon all occafions prompted to the per-

formance:

vent plufieurs petites ananones fe deyelopent clu meine lambeaiv de foite qu’elles

font adherentes cntr’ elles. Pen a pen II s’y forme, comme je I’ai fait connoltre,.

un petit etranglement. qul les fepave. Quelquefois auffi elles reftent unies : alors .

il en relulte des fingularltes, ou meme des monftres. Outre celui que j’ai cite,

I’anemone mere, de cette efpece, qui m’a devoile plus particulieremeut le fecret,

etoit formee comme un Y, c’eft a dire qu’elle avoit deux corps parfaits dont les

bafes (cependant percees) etoieut adherentes- a une meme tige, a laquelle ilscom-

muniquoient, ce dont je me fuis-alTure, en obfervant la.nourriture qui defcendoif

jufques dans le gros tronc : auffi ces deux anemones ainfi reunies ne m’ont-ellcs

jamais paru avoir deux volontes comme celles qui ne le font pas. Chaque ane-

mone n’avoit-elle done point dans celle-ci d’inclination particuliere a fatisfaire an

befoincommun? n’etoit-elle point follicitec a fairs fes fonflions pour en entre-

tenitv
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formance of the fame fundlion at the lame time? It is to

be prefumed, that two fimilar united quadrupeds would

vie with each other in taking the neceffary nourilliment,

in ofderthereby~to fatisfy the particular need, which each

would have,' of keeping up the habit of deglutition, and

the dependant funcStions. (Vide tab.vi.)

Jn order to imitate the effecfts of nature, 1 clipj^ed fe-

veral fmall pieces from the rim of the bafes of anemo-

nies of this fpecies, and preferved them. Some of them
became fmall anemonies, limilar to thofe that had been

torn offof their own accord
;
but many perillied without

producing any thing. May we not conclude from this

-experiment, that the prolific pieces contained a fmall

bulb intended to become a new anemony, and to be foon

after torn off by the mother; and that thofe which pe-

Tifhed, either contained none of thofe bulbs, or fuch as

were not fufficiently formed to thrive and grow after a

violent

renlr I’ufage ? II femble que deux quadrupedes reunis ct parfaitement egaux,

chercheroient tousdeux a manger, peut-etre a I’envi I’un de I’autre, pour fatisfairc

au befoin particulier a chacun d’entretenir I’ufage de la deglutition, de tout ce qui

en depend, et de cc qui la fuit immediatement (voyez la fig.).

Pour aller au devant des effets naturels, j’ai coupe des petits ntorceaux des

bords de la bafe des anemones de cette cfpece, et je les ai conferves
;
plufieurs font

devenus de petites anemones, comme celles qui etoient provenues des arrachemens

.que s’etoient faits les anemones, et un grand nombre a peri fans produire, Ne
pourroit-on pas penfer d’apres cette experience, que ceux de ces raorceaux qui ont

produit renfermoient un petit bulbe propre a devenir anemone, et deftine a etrc

ibientot detache par la mere; et qu’au- contraire les parties-qui out peri n’en con-

tenoient pas, Ou n’en renfermoient que de trop peu formes pour fe developer apres

unc2
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violent amputation ? I the rather incline to this opinion,

having obferved, th at among the pieces I had cut off, thofe

particularly fucceeded which appeared interiorly replete

and of a certain thicknefs. If fo, this conjecSlure may
poffibly lead us to another. It is well known that the

frefli water polypi increafe by fedlion, and that being cut

into feveral pieces, each ofthefe pieces becomes an animal

limilarto the original one. Thus a polypus being divided

in 2, 4, 8, 1 6, or more parts, each of thefe parts probably

contains a bulb capable of becoming another polypus. In

the courfe of my experiments, the fmall pieces I cut off

from the bafes and robes of the anemonies did not exceed

the 5 o oth part of the animal; it is not therefore to bewon-
dered, if many of them did not prove prolific; they pro-

bably contained none of the fertile bulbs. The repro-

du6tion of the polypus by fedfion will then no longer be

attributed to any of its rude and fliapelefs parts
;
but rather

to

utie feftion violente. Je fuis porte a le croirc, parce qu’en coupant ces morceaux,

ceux ou je voyois une certalne epaiffcur, un certain arrondiffement interieur,

font ceux qui m’ont paru reuffir. S’il en eft ainfi, cette conjefture pourroit peut-etrc

nous conduire a une autre. On fait que les polipes d’eau douce fe multiplient

par la fe£Hon, et qu’un tel polipe etant coupe en plufieurs morceaux, chaquc inor-

ceau devient un animal femblable au premier. On coupe pour cet effet un polipe

en 2, 4, 8, l6 parties et plus, cliacun des ces morceaux eft la 16®"® partie de I’ani-

mal, il fe peut que dans chaque i6®“® partie il fe trouve un petite bulbe difpofe

a devenir un polipe. Dans mes experiences, en coupant de petits morceaux du

bord de la bafe et de la robe de mes anemones, je ne coupois pas la 500®’®® partie

de I’animal : on ne doit done pas s’etonner, ft beaucoup de ces petits morceaux nc

produifent rien; 11 s ne contiennent peut-etre pas de bulbe. Alors la reproduilion

du polipe par fa partie ne paroitreit plus due a une portion informe j mais a une

VoL. LXV. K k partie
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to parts that are organized in a particularmanner, to eggs,

or perhaps to fomething more than eggs. The lingular

propagation of feveral kinds of this animal fcems to fa-

vour this conjecture. In fo minute an objedt as the frefli-

water polypus, much is ealily overlooked
;
but in the fea-

aiiemonies, althoughwe are far from feeing every thing,

yet it is poilible, even without the afiiftance of glaffes,

to difcern a great deal which mulf efcape us in the molt

diligent examination of the other animal. Although I

fpeak this from experience, I do not pretend that our

ideas concerning reproduction, and efpecially the repro-

duction of parts, flrould be confined to what is here af-

ferted. It is known that every part of a living animal,

occ. hath an organization far furpalfing any idea we can

form of it
;
that its leaft particles are Itill organized

;
and

there is no faying how far this may extend. In feeds,

See. this organization admits of an altonifliing degree of

expanfion,

partie plus particulierement organlfee, a un oeuf, on nieme a qudque cliofe de

plus qu’un oeuf. La propagation finguliere deplulieurs efpeces de polipes fenible

favorifer cette conjedlure. Les polipes d’eau douce font fi petits qu’il eft facile

de ne pas tout appercevoir. Dans les anemones de mer, quoiqu’on foit fort eloigne

de tout voir, on peut cependant, meme fans le fecours de la loupe, remarquer

bien des chofes qui echappent dans I’obfervation du polipe d’eau douce. Quoique

je park id d’aprd l’experience,je ne diffimulerai pas,qu’on ne doit point y reftrein-

dre fes idees a I’egard de la reproduftion et furtout de la reprodudion de parties.

On fait que toutes les parties d’un etre vivant, &c. ont une organifation qui fur-

palfe infiniment I’idee que nous pouvons nous en faire
;
que fes moindres particules

font encore organifees quoiqu’infiniment petites; on ne fait pas meme jufqu’ou

cela peut after : cette organifation permet dans les graines, &c. des develope-

mens
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expanfion, which cloth not always take place in other

cafes
;
but yet often operates when w^ are the leaf! aware

of it. Far then from fuffering ourfelves to be furprized

at ftrange effedls in nature, we fliould in fome meafure

expert them ; w^e diould be conllantly upon the watch

for them, and take pains to be apprized of them, and

ftudy to turn them to the benefit of mankind. Pra6li-

tioners in furgery know how^ often they have been fur-

prized by unexpe6ted events. Such events, which com-

monly are only the obje6ts of unavailing wonder, would

perhaps be lefs unprofitable, if they were cautioufly ob-

ferved and corre6lly defcribed by perfons of knov/ledgej

lefs fond of the marvellous than friends to truth. Lob-

fters are feen to produce new legs wdren deprived of

their old ones; but not exa6tly at the places where they

had been cut off. Their manner of growing is much
like to that of our teeth, the interior part and very ori-

gin of the claw producing a fmall one, &c. and this re-

produdtion feems not to take place when the lobfier

is

"
-

I

^

I 5 ^ ^ j

-T

mens d’une grandeur etonnante, qui n’ont pas toujours lieu allleurs : mais qul ope-

rent quelquefois au moment qu’on s’y attend le nioins. Loin done de fe laiffer fur-

prendre par des effets fingullers, on devroit en quelque forte les attendre, et etre tres

attentif a les faifir, a les connoitre, et a en profiter. Ceux qui s’occupent de I’art de

guerir favent combien ils ontete furpris par des effets inattendus. Ces effets, dont

on fe contente le plus fouvent de parler avec etonnement, ne feroient peut-etre pas

fleriles, fi obferves avec attention par des gens inftruits, et auffi peu avides du

merveilleux qu’amis de la verite, ils etoient decrits avec precifion, Les pieds

des ecreviffes repouffent; mais ils ne repoulfent pas immediatement de la partie

coupee; ils pouffent a peu prts comme nos dents, c’efh-a direque de I’interieur et

•veri forigine du pied, on en voit pouffer un petit, &c. et cette reproduftion ne

K k 2 paroit
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is deprived of the phalanx next to the body. There

are worms which are known to multiply by fe^lion

;

although th^ir fmallnefs, which renders it very diffi-

cult to examine them, and the hmilarity they bear to

other worms, whofe reproduction ve know to be im-

perfect, may furniffi fome grounds to doubt, whether

this reproduction be fo compleat as hath been ima-

gined. There is alfo a reproduction in the tails of li-

zards which cannot well be accounted for. There are

experienced naturalifts who ftill make a doubt of the

multiplication of the polypi by feCtion
;
and others who

abfolutely deny it, pretending that what hath been ta-

ken for a fingle animal may as probably be a ffieath,

the common work, and habitation of a multitude of

fmall infeCts. For my part, far from doubting the poffi-

bility of fuch multiplications, of which I have feen po-

iitive inflances in the fea-anemonies, I am not for hav-

ing recourfe to the particular fuppolition of any kind of

eggs for explaining it. I believe indeed, that propagation

is

paroit pas avoir lieu, lorfque la phalange la plus proche clu corps cle I’ecreviffe a

ete enlevee. Certains vers fe multiplientpar lafe£lion: on cloutera peut-etre quc

cette multiplication foit auffi complette qu’elle a parul’etre, parce qu’on n’y voit

pas fi bien a caufe de leur petiteffe, et de I’analogie qu’ils peuvent avoir avcc

d’autres vers dont la reproduftion eft imparfaite. On vok de meme une repro-

duction qui laifle quelque chofe a deftrer dans la queue du lezard, II fe trouve

encore des favans qui fufpendent leur jugement fur la multiplication du polipe

par la feCtion ;
d’autres la nient abfolument. Ils croyent que ce qu’on a pris

pour un individu pourroit etre un fourreau, ouvrage et logement de certains petits

infeCles. Loin de douter de la poftibilite de ces multiplications, dont j’ai cleg

exemples decififs dans les anemones de mer, je ne les affujettis pas meme a des

efpeces d’oeufs j je crois fculement que e’eft la voye la plus ordinaire ;
et les re-

productions
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is moft iifually carried on by eggs. But the reprodu6lion

of very confiderable and the moil effential parts of my
fea-anemonies convinces me, that there are wonders far -

beyond any thing we can imagine, which make a part of

the regular eftabliflied conrfe of things. The feclions of

the fea-anemonies of thisfpecies differ in nothing from

thofe of the former, except that I never yet obferved an

upper half producing a new balls; the contrary never yet

failed. The firft obfervation of any note, was made on
the 1 6th of June 1 7 7 3, in the prefence of feven furgeons

whom the lingular phsenomena of reproduction had in-

duced to vilitmy ffudy . The animals of this fpecies being

very large, I only operated upon young ones, and on that

day cut one that was not thicker than a goofe-quill. On
the 30th the upper part was perfectly reltored, and the

fold which is feen near the upper extremity of the body

of this fpecies, appeared exaCtly like that I had cut off.

By

produiSlions cle parties effentielles et trts confiderables de mes anemones de iner

m’obligent a croire, que les merveilles, qui font partie de I’ordre etabll, vont en-

core plus loin que notre imagination. Les feftions operees fur cette efpece d’ane-

mones de iner, ont donne a pcu pres les meines refultats qu’aux autres, ceft a dire,

que coupees par la moitie du corps, elles ont repouffe une partie fuperieure ; cepen-

dant je n’ai point encore obtenu de bafe aux parties fuperieures que j’en avois

privees. La premiere operation notable fe fit le i6 Juin 1773, en prefence dc

lept chirugiens que les plienomenes de la reproduflion avoient attires a mon cabinet.

Comme cette efpece eft fortgroffe, je n’avolsopere que de jeunes individus; celui

que je coupai alors n’etolt meme que de la groffeur d’une plume a ecrire. Le 30

la partie fuperieure etoit totalement reproduite, et le pli qu’on voit vers I’extre-

mlte fuperieure du corps dans cette efpece paroiffoit exadlement comme celui que

j[’avois retranche. L’exercice m’ayant rendu plus adroit, je fuis parvenu a couper

d’ua-
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By pradlice I arrived at fuch dexterity as to citt in two, at

one fnip of the fliears, in a very hraight line, an animal

of this fpecies as thick as my arm. This was performed

on the I 8th of Ocftober: before the end of the month
new limbs appeared, of which the large ones, within the

tufts, fliot forth long before the others. On tlie loth of

December the animal began to eat, though its mouth was
fcarcely formed. The upper part was ftill alive. I tied a

hring round fome of thefe anemonies whillf they were

confitlerably extended length-ways, and pulled the noofe

very tight. They had the dexterity to free themfelves in

a few hours of this troublefome ligament, by gradually

withdrawing their upper extremity : then on meafuring

the noofe I found it not quite hx lines in diameter. This

fpecies is good to eat.

Among the fea-anemonies brought me by my fiflier-

men, I have fome reafon to think that I have difeovered a

fifth fpecies, which feems to refide only in places from

whence the fea feldom recedes. They appeared to me to

be

d’un feul coup de cifeaux et bien droit un de ces animaux gros comine le bras.

C’etoit le i8 Oftobre; avant la fin du mois il reparut de nouveaux membres. Le^

gros qui font en dedans des panaches paroiffent longternps avant les autres. La

bouche a peine formee le i6 de Decembre I’animal a mange. La partie fupe-

rieure vivoit encore. J’ai lie de ces anemones groffes comme le bras, lorfquelles

etoient fort allongees, et je les ai ferrees fortement; elles ont eu Tadrefle de fe'

degager en peu d’heures d’un lien auffi incommode en depaflant peu a peu leur partie

fuperieure. Alors j’ai mefure le diametre du noeud; il n’avoit pas fix lignes.

Cette efpece ell bonne a manger.

Entre les anemones de mer que m’ont apporte mes pecheurs, je crois en avoir

decouvert une cinquieme efpece. Elle paroit refider dans les lieux que la mer ne

decouvre jamais, Sur ce que j’en ai vu, die eft petite comme la premiere, fes

j membres
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be as fmall as thofe of the hrft fpecies : their limbs, which

are fomewhat confufedly arranged in three rows, are alfo

nearly the fame. They have the form and the knobs of

the lecond, and the threads of the fourth Ipecies, which

latter, however, are coloured. Their mouths are round,

and bordered with fmall reddifh limbs
;
only one white

fpot is feen on one fide of the mouth, whereas two of

them appear in thofe of the third fpecies. The middle

between the mouth, and the limbs is of a greenifli hue,

with narrow variegated ftreaks which extend from the

center to the circumference. The fpecimens I have

feen were white on the fuperior edge of the robe, of a

golden yellow in the middle, inclining to a dufkier colour

towards the bottom; that is to fay, the ground-colour of

the robe changed gradually from white at the toj3 to

brown at the bottom, palling, by imperceptible tranli-

tions, through a fucceffion of yellow lhades, partaking

more or lefs of the colour of gold. This whole robe

was fpeckled with light crimfon fpots, and no rim ap-

peared

•membres font a peu pres femblables, die en a trois rangs un pen confondus. Elle

a de la feconde la forme et les mamelons, et les cordons de la 4'"”% mais colores
;

la bouche eft ronde bordee de petits membres rougeatres
;
une feule marque blanche

fe trouve a cote de la bouche,comme on en voit deux dans la 3""^ efpece. Le milieu

entre la bouche et les membres eft verdatre,avecdepetites rayesdecouleurdifferente,

qul vontdu centre a la ciaxonference. Les individus quej’al vus doientblancspar

le bord fuperieur de la robe, d’un jaune dore par le milieu, et s’obfcurciflant vers

le bas, c’eft-adire, que par des. nuances imperceptiblement fondues, plus ou moins

dorees, le fond de la couleur de cette robe paffolt du blanc au brup. Toute

xette robe doit mouchetd d’un beau cramolft dair, ct il n’y avoit point de

boi’d urc
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peared at the bafis. Thefe anemonies had been found

^ on old called fpindle-fliells' Ano-

ther fpecimen which was found adhering to an oyfter-

fliell was of a darker colour; but its limbs bore fome rc-

femblance to the horns of cattle: they were of a pale

green, with circles of a fine dark brown, which had a very

pleafing effe6f. Thefe limbs appeared, at firfi: fight, to

tend towards the center, by the continuation of fome

femi-circles which gradually diminiflied.

I have faid little concerning the mechanifm by

which thefe animals perform their different func-

tions, not thinking myfelf fufficiently acquainted

with it to fatisfy even the mofi: chaftifed curiofity.

I leave to others the cultivation of this field, where

the genius of fyftem may find an ample range.

As in phyfics the only real information is derived

from a knowledge of fa6ts, I thought it my duty to

confine

bordure a la bafe. Ces anemones etoient attacliees fur de vieux coquillages a

volute, qu’on nomme fufeaux (fucus brevis). Un autre indivldu peche depuis,

attache fur une huitre, avolt la robe d’une couleur obfcurc, mais les membres

paroilToient comme certaines cornes de boeuf de couleur douce, d’un blanc ver-

clatre, avec des cercles d’un beau brun noir qui produifoient un tres bel efFet.

Ces membres femblolent au premier coup d’oeil prolonges vers Ic centre, par la

continuation de quelques demi cercles allant en diminuant.

J’ai dit peu de chofe du mechanifme par lequel chaque faculte, chaque fonc-

tion s’opere dans les anemones de mer, ne pouvant me flater d’en connoitre affez

pour fatisfaire a la curiofite la mieux reglee. C’eft un champ ouvert aquiconquc

voudra le cultiver, c’eft une carriere dans laquelle I’efprit de fyfteme pourra

prendre fon effort. Comme en matiere de phylique les connoiffances tirees des

faits font les feules qui nous eclairent, j’ai cm devoir m’entenirala limple expo-

lition
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confine myfelf to the bare expofition of thofe I have ob-

ferved. Not that I am apprehenfive of being thought

too prolix or tedious by thofe for whom I am writing

:

I know howmuch they value every truth, and everynew
difcovery : but the habit of obfervation and experiment,

produces circumfpe6tion and a quick fenfe of difficulty.

Befides, I find that the fyfiem-mongers, though a nu-

merous body, have been but unfuccefsful fince accurate

obfervations are come into vogue. It is this circumfpec-

tion which prevents my proceeding inconfiderately from

the fcience of bodies to that of ideas. The fea-anemonies

give evident marks of fenfibility; iliall I thence con-

clude, that a foul animates them ; or firall I grant that

they are deprived of fenfation, although favoured with

the organs of it ? I ffiall draw no conclufion, neither do I

think myfelf at hberty to amplify upon that fubje6f.

My

iltion de ceux que j’ai eu lieu d’obferver. Ce n’eft cependant ni la crainte de

parolti'e difFus, ni celle d’ennuier ceux pour lefquels j’ecris qui m’a retenu ; toute

verite leur eft chere, toute decouverte leur eft precieufe : mais I’habitude de con-

templer et d’experlmenter rend circonfpeft, et fait appercevoir les difficultes :

d’ailleurs Jes falfeurs de fyftemes, quoiqu’en grand nombre, ne font pas heu-

veux depuis qu’on obferve blen, Cette meme circonfpeftion ne rri’a pas permis dc

paflTer Inconliderement de la fcience des corps dans celle des idees. Les anemones

de mer me paroiflent douees de fenfations, en conclurai-je qu’un efprit les anime,

ou quelles font privees du fentiment dont elles ont les organes ? Je n’en concluerai

rien, et je crois meme inon memoire peu fufceptlble d’amplifications dans cctte

partie.

VoL. LXV. LI Lc«
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My very earlieft obfervations fliewed me that the

fea-anemonies feel and prognoilicate within doors the

different changes of temperature in the atmofphere. I

had not leifure at that time to form tables of their various

indications
;
but I have fince done it. This fact, if ap-

plied to pra(Tice, might be of ufe in the formation of a

fea-barometer, an object of no fmall importance, which

feveral ingenious men have hitherto endeavoured in vain

to furnifli us with. I fliould prefer the anemonies of the

third fpecies for this purpofe, their fenfation being very

quick
;
they are alfo eafily procured, and may be kept

without nourifliment. Five of them may be put in a

glafs veffel, four inches wide and as many in depth, in

which they will foon cleave to the angle formed by the

fides and the bottom. The water muft be renewed every

day, and, as they do not require a great quantity of it,

as much may be fetched from the lea (if they be kept on
land) as will fupply them for feveral days

; its fettling

fome

Les anemones cle mer reffentent d’avance, et annoncent dans le cabinet les

cffets de la temperature; c’eft ce que j’al eu lieu de remarquer des mes premieres

obfervations
;
j’etois trop occupe alors pour en dreffer des tables

:
je I’ai fait

depuis. Ce fait mis en pratique pourra fuppleer le barometre marin, dont

plulieurs favans ont fait inutilement la recherche jufqu’ ici ; ce ne feroit pas un

petit avantage. Les anemones de la troilieme efpece m’ont paru plus propres que

les autres a cet elFet, parcequ’elles font tres fenfibles. II eft aife de fen procurer,

de les loger, de les conferver fans les nourrir &c. On mettra cinq de ces anemones

dans un vafe de verre d’environ quatre pouces de diametre fur autant de hauteur,

elles f’y attacheront a I’angle que forme le fond avec les parois. II faut renou-

veler I’eau tous lesjours. Comme la qu^ntite d’eau neceflaire n’eft pas grande,

ft oil eft a terre, on peut en faire prendre a la mer, pour plufteurs jours 3 elle n’en

fera

7
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fome time will only improve it. I commonly renew the

water every evening, becaufe if that change makes any

impreflion on the animals, it will not interfere with the

principal obfervation, which, when I was forming my
tables, I always took at a time equally difhant from the

renewals of the water. If the anemonies be at that time

Ihut and contradled (as in fig. 14. of my firfi: efiay) I

have reafon to apprehend an approaching ftorm
; that is,

high winds and a rough agitated fea. When they are all

Ihut, but not remarkably contradled, they forebode a

weather fomewhat lefs boifterous, but ftill attended with

gales and a rough fea. If they appear in the leafi; open,

or alternately and frequently opening and doling, they

indicate a -mean Hate both of winds and waves.

When they are quite open, I exped tolerable fine wea-

ther and a fmooth fea. And laftly, when their bodies

are confiderably extended and their limbs divergent,

they furely prognofticate fixed fair weather and a very

calm

fera que meilleure etant veposee, Jefuis dans I’ufage de renouveller I’eau le foir,

parceque li ce changement d’eau fait quelque impreflion aux anemones, il efl;

alors compte pour rien; et quant a I’obfervation la plus notable, lorfque je dreffois

mes tables, je lafaifois ala moitie du jour. Si les anemones fonttoutes fermees, et

retirees fur elles memes, comme dans la figure 14 de mon premier memoire, j’ai

lieu de craindre qu’il ne furvienne quelque tempete, c’eft a dire gros vent, la mcr

fort agltee, et troublee. Lorfqu’elles font toutes fermees fans etre retirees, cela

annonce un temps un peu moins facheux, comme grand frais de vent, la mer

agitce, &c. Si je vois mes anemones entrouvertes ou s’ouvrant et fe fermant do

moment a autre, c’eft pour la mer et pour le vent un etat moyen. Quand elles

font ouvertes, i’attends un temps aflTez beau, la mer fera peu agitee; enfin ont-elles

le corps allonge, et les membres tres etendus, c’eft le prefage d’un beau fixe et

L 1 z d’une
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calmfea. There are times when fome of the anemonies

are open and others flint
;
the number rnufl then be con-

fulted; the queftion is decided by the majority. Accu-

racy in thefe obfervations' is in a great meafure acquired

by habit. At fea the glafs may be fwung, in the fame

manner as the compafs, by fufpending it between two*

concentric circles, moving upon pivots that crofs each'

other at right angles, fo that the rolling of the fliip ma)r

agitate the water as little as poflible. The anemonies-

that are ufed as barometers fliould not be fed, for thei>

the quantity of nourifliment might influence their pre^

dictions. Anemonies of this and of the firfl: fpecies live,

and do well for feveral years, ivithout taking any other

food but what they find difleminated in the fea water

:

but fliould a refpite of fome days be granted them^ they

might then be fed with fome pieces of mufcles or foft

fifli, and thus reftared -to- their original vigour. When-
ever

d’une mer tres calme. II y a cles momens oii des anemones font ouvertes et

d’autres fermees ;
alors on conclut par le plus grand nombre, on va pour ainfi dire

a lapluralite des volx : I’habitude aide a fe decider. En mer on poura fufpendrd

le verre, comme une bouffole on compas de mer, entre deux cercles concentriques

ou balanciers, avec des pivots qui fe croifent a angles droits, afin que le tangage et

les roulis d'u vaiiTeau n’agitent I’eau que le moins qu’il fera poffible. II ne faut

point nourrir les anemones qui fervent de barometre : car alors dies pourroient fe

fermer ou fe tenir ouvertes, a railon dela nourriture qu’elles auroient prife. Une
anemone de cette efpece, et de la premiere, vit tres bien et en affez bon etat, pen-

dant plulieurs annees, fans prendre d’autre nourriture que celle qu’elle trouve diffe-

minee dans I’eau de la mer
;
cependant, li on avoit lieu de leur accorder une vacance

de quelques jours, on pourroit les nourrir, et confequemment leur redonner I'eur

premiere vigneur par quelques morceaux de moule ou de poiffon mou. Lorfque

1&
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ever the veflel is fallied by the fediments of falts, dime,

the firft dioots of fea-plants, Sec. it may, on changing

the water, be cleanfed by wiping it with a foft hair-pen-

cil, ^or even with the finger, carefully avoiding, however,

to-rub or prefs hard upon the anemonies. Should any

of them drop off during this operation, they may be left,

at liberty, for they will foon, of their own accord, fix

themfelves to fome other place. Should any of them die,

which will foon be difeovered by the milky colour of the

water
j
and an offenfive fmell on changing it, it mufl be

taken out, and on the firft opportunity, another of. the.

fame fpecies be put in its place; thofe of a moderate fize

are the moft eligible. Such barometers might be applied

as- ornaments; for as they can be made by the perfons.

who are to ufe them; they might confult their own tafte

in the choice of the colours and fhades of the limbs. A
few anemonies of the firfl: fpecies might alfo be added,

for as thofe of the third generally take up their-habita--

tion

le vafe fera fali par le depot des’ fels, le limon, on par des commencemens dc

plantes marines, &c. on pourra en changeant I’eau, le nettoyer avec un. pinccau

doux, ou meme avec le doit, obfervant de ne paffer que legerement le doit fur

les anemones pour ne-les pas-comprimer. • Si une anemone- fe detache, on la laiiTcra

en liberte, elle s’attachera en un autre lieu. , Si elle vient a perir, ce-qu’on recon-

noitra par une tres mauvaife odeur en changeant I’eau, et pareeque cette eau

devient un peu laiteufe, on retirera I’anemone, et on lui enfubftituera a la premiere

occafion une autre toujours de meme efpece et de moyenne groffeur; ce font'les

meilleures. Ce barometre efi: agreable a la vue, car on
.

pent choifir- des

anemones dont les membres foient- d’une coule.ur haute, douce, ou varfee felon

fon gout, puis qu’on le conftruit foi meme : on peut encore y ajouter p|ufieurs ane-

mones de la premiere efpece. Comme celles de la troifieme fetiennent vers le fond

du
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tion at the bottom of the veflel, thefe commonly keep

near the furface of the water; and their various bay,

crimfon, dark, purple, green, and other colours, would

add no fmall luftre to the variegated obje6t : nor

fliould their prognoftications concerning the tempera-

ture of the air be altogether negledted. Perhaps they

may at firft produce young ones, which, if attended to,

will be feen to encreafe gradually. Should the anemo-

nies of this firft fpecies not be ufed for obfervations, they

might be fed and thus kept in a moft flourifliing condi-

tion. The form, fize, and ornaments of this barometer

may alfo be accommodated to any place or lituation.

The only inconvenience attending it would be the chang-

ing of the water every day ; but even this amounts to no

more than winding up our watches : neither is it abfo-

lutely neceflary to do it exa611y at the fame hour
; nor is

there any harm in the common pra61ice of leaving the

lame water for feveral days, unlefs, indeed, it be inclined

to

du vafe, celles-ci aiment a etre a k furface de I’eau, leur couleur brun-rouge,

cramoifi, pourpre, fence, vert, &c. fera un bel effet, et leur avis fur la tem-

perature n’eft pas tout-a-fait a negliger, Elies pourront dans le commencement

^donner des petits, qu’on verra groffir par la fulte. Si on ne vouloit pas tenir comptc

des indications des anemones de cette premiere efpece, en les nouriffant elles ne fe-

roient que plus belles. Ce barometre eft encore fort commode, aife a placer, et fuf-

ceptible de toute efpece de forme et de decoration. II peut etre aufli grand et aufll

petit qu’on veut. La feule incommodite eft de changer I’eau chaque jour, ce qui n’eft

-guere plus difficile que de remonter fa montre, encore n’eft-on pas ftridement

oblige de le faire a la meme heure, et il n’y a aucun inconvenient dans I’ufagc

ordinaire de laiflTer la meme eau pendant plufieurs jours, a moins qu’elle ne foit

-expolee a fe corrempre par une chakur extreme, ou par quelqu’autre inconvenient

peu
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to corruption, by being expofed to a great degree of heat,

or by fome other uncommon accident. If ever the da~

rometer was to be removed, the vefTel might be left emp-

ty for a day or two, without any conliderable detriment

to the anemonies ;
they will contract, and continue fixed

to the fides, and refume their wonted manoeuvres, as

foon as frefh fea water is poured upon them. One ne-

ceflary caution is, to difpofe of the barometer in a place

where, as nearly as polfible, the fame degree of light

prevails throughout the day: for it mult be obferved,

that thefe animals, on being fuddenly removed out of the

dark into a ftrong light will frequently contradt in an in-

ftant, though they will foon recover after their ufual form

.

As the fimple barometer, the Torricellian tube, which is

the bed: of all, doth not always agree with the vifible date

of the local atmofphere, and that frequently its indications

are far from being exadt
;

it cannot be expedled that the

fea-anemonies fhould excel in this refpedt, and that their

indications

peu ordinaire. On pent meme vuider I’eau pour tranfporter le barometre ou

Ton veut, pendant un jour entier et plus, fans que les anemones perillent;

ellcs fe retireront lur elles memes, et fe tiendront attachees. On leur procurera de

nouvclle cau de mer, et elles reprendront leur maneuvre ordinaire. Une
attention neceffaire c’cft de placer autant qu’on le peut le barometre d’anemones

dans unlieu ou il regne pendant tout lejour une lumiere a peu pres egale ; car on

doit fe fouvenir, que fouvent les anemones qui palTent fubitement d’un lieu obfeut

a une grande lumiere fe ferment; mais elles reprennent bientot I’etat ou elles

aurolent refte. Comme le barometre fimple, le meilleur qui exifte, le tube de

Toficelli, n’eft pas toujours parfaitment d’accord avec I’etat vifible de I’at-

Baofpbere du. lieu ou I’on obferve, et qu’aflez fouvent les indications ne font pas

d’ufte jufleffe rigoureufe, on ne doit pas s’attendre que les anemones de mer rem-

pliffent



[ 246 ]

indications flionld always coincide with the above inftni-

ment. But as, with all its imperfCclions, the barometer

abovementioned is of great utility, why fliould not alfo

this, formed of fea-anemonies, be adopted notwith-

ftanding their little irregularities. Thefe are not the

only animals that are influenced by the approaching

changes of weather; the petrel, different forts of gulls,

the fciiik, the leech, the little fifli of the Danube, the

cetaceous animals, the lea-urchins. See. are all faid to feel

, and prognofticate thofe variations.

Amidft the more important objects of utility and ne-

ceflity, every pleafurable improvement fnould not be to-

tally neglected. I fliall not therefore fcruple to commu-
nicate what ideas have occurred to me, tending to this

purpofe. It appears to me, that the large anemonies, and

even the fmaller ones, being arranged in an advantage-

ous manner, and properly grouped with acorns, barna-

cles, fea-weeds, 8cc. might furnifli archite6fure, paint-

ing,

pliflent mleux cet objet, ni qu’elles foient toujours d’accord avsc lui ; et comme

avec fes inexa£litudes,le barometre eft un bon lnftrumeiit,on pourra fefervirde celui

d’anemones, independemment de fes petits caprices. Ces animaux ne font pas

les feuls qui reflentent I’influence de la temperature prochaine, Toifeau-tempete,

le petrel, les poulets de mer, le mabouja, la fangfue, le petit poiflbn du

Danube, les cetacees, les -ourfins, &c. paflent auffi pour la reflentir, et meme
pour I’annoncer.

Les vues d’utilite, de neceflite, ne doivent point nous faire negliger ceUes

d’agrement
;
je ne craindrai done pas de devoiler ici celles que j’ai fur ce point,

lime femblequeles grandes et meme les petites anemones de mer prifesdans de«

pofttions variees les plus avantageufes, et artiftement groupees entr’elles ou avec

.Jes glands de mer, les conques anatifhes, les .plantes marines, &cc; fourni-

roient
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iiig, fculpture, and all the arts dependant upon drawing,

with a variety of elegant and pleafing ornaments, efpe-

cially in naval and hydraulic architedture, inwhich, con-

trary to all the maxims of true tafte, and regardlefs of

probability, chimerical ornaments are often introduced,

which have no manner of relation or affinity with the

ftru6lures they are intended to decorate. They are often

feen affixed to fubftances to which the things they re-

prefent have little or no tendency to adhere; whereas

the fea-anemonies fpontaneoully cling to every fubftance

in and even out of water, and might therefore being

grouped into pi6lurefque feftoons, be with great pro-

priety fubffituted to the flowery garlands and other fuch

ornaments which prepofteroufly decorate the fterns of

fhips and the frizes on barges, and not feldom the moft

'ftately edifices, fuch as bridges, fluices, See.

'Expla-

rolent a I’afchitefture, a la peinture, a la fculptuffe, et a tous les arts qmi ont le

delTein pouf bafe, de beaux ornemens, fur tout pour I’architefture navale, et

meme pour l’archite£lure bydraulique, ou, contre les regies du gout, contre la

Vraifemblance, on employe fouvent des ornemens ebimeriques et peu analogues

au fujet. On groupe, on attache ces objets a des lieux peu propi'es, peu dilposes

a les recevoir j au contraire les anemones de mer shttachent a tout ce qui fe trouve

dans I’eau et meme hors de I’eau. Elies pourroient etre fubftituees aux rozettes,

former des groupes, des elpeces de guirlandes pittorefques dans la decoration des

poupes des vaiffeaux, dans les frifes qui ornent lescanots, et dans quelques edifices

hydrauliques, cortime les ponts, les eclufes, hct

Voii-. LXV. M nt
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Explanation of tab. vi. which reprefents a group of

fea-anemonies of the fourth fpecies, adhering to an

oyfter-fhell.

Fig. I. A contracted anemony of the natural and

middling lize adhering to the oyfter-lhell. Fig. 2^

Anemonies united to the fame trunk, compared in the

eflay to the letter Y. At its balis a little Hired appears

ready to be torn off in order to become a new anemony.

Fig. 3. and 4. Two young anemonies moderately ex-

panded, in the middle of which the mouths appear.

Fig. 5. An anemony, fomewhat more grown, on which

the projecting rim appears. Fig. 6. Eight fmall ane-

monies, two of which adhere together, as do alfo two

others, which, however, are upon the point of being fe-

parated by the contraction of the part that unites them..

Other fmall anemonies, of different fizes, are feen upon
the oyfter-fhelL

Explication des Figures. La planche reprefente un groupe d’anemones de mer

de la quatrieme efpece, attacliees fur une huitre.

Fig. I. Anemone de groffeur naturelte et moyenne attachee fur I’huitre. et

fennee. Fig. 2. Anemones reunies fur une meme tige, elle eft defignee dans

le memoire par la forme d’un Y. On volt au.bord de fa bafe un petit lambeau

pret a en etre dhache pour devenir une anemone. Fig. 3. et 4. font deux

jeunes anemones plus ou molns otivertes, au milieu defquelles on remarque la

bouche. Fig. 5. Anbnone un peu plus forte, dont on voit le bourlet.

Fig. 6. Ce font huit petites anemones, dont deux font adherentes enfemble

deux autres le font auffi, mais pretes a fe feparer par I’etranglement de la partie qui

k$ unit. On remarque fur i’huitre d’autres anemones plus ou.moins petites.

XXI. Account
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XXL Account of the Sea-Cow^, and the life made of it *

By Molineux Shuldham, Efquire^

Ralde, Mar. 2,

1775 - T H E fea-cow is a native of the Magda-

len Iflands, St. John’s, and Anticnfti in

the Gulph of St. Lawrence. They refort very early in

the fpring to the former of thefe places, which feems to

be by nature particularly adapted to the wants of thefe

animals, abounding with clams of a very large lize,

and the mod: convenient landing places, called Echou-

ries. Here they crawl up in great numbers, and fome-

times remain for fourteen days together without food,

when the weather is fair
;
but on the firft appearance of

rain, they immediately retreat to the water with great

precipitation. They are,when out of the water, very un-
weildy, and move with great difficulty. They weigh
from 1500 to 2000 pounds, producing, according to

their ffze, from one to two barrels of oil, which is boiled

out of a fat fubftance that lies between the fhin and the

flelh. Immediately on their arrival they calf, and en-

gender again about two months after ; fo that they carry

their young about nine months. They never have more
than two at a time, and feldom more than one.

(a) A. fhcll-fifli refembling afcallop.

M m 2 The



[ 25 ° ]

The echouries are formed principally by nature, be'*

ing a gradual dope of foft rock, with which the Magda-

len illands abound, about 8 o or i o o yards wide at the

water hde, and fpreading fo as to contain, near the fum-
rnit, a very conliderable number. Here they are fuffered

to come on fliore and amufe themfelves for a confidera-

ble time, till they acquire a boldnefs, being at their firft

landing fo exceedingly timid as to make it impolTible for

any perfon to approach them. In a fe'W Vv'eeks they af-

femble in great numbers ;
formerly, when undiilurbed

' by the Americans, to the amount of feven or eight thou-

fand; and the form of the echourie not allowing them
to remain contiguous to the water, the foremoft ones are

infenlibly puflied above the floj^e. When they are ar-

rived to a convenient diftance the fiflrermen, having pro-

vided the neceffary apparatus, take the advantage of a.

fea wind, or a breeze blowing rather obliquely on the

lliore, to prevent the fmelling of thefe animals (who

have that fenfe in great perfe6tion, contributmg to their

fafety), and with the alliflance of very good dogs, endea-

vour in the night time to feparate thole that are the far-

theft advanced from thofe next the water, driving them
different ways. This they call making a cut,, and is ge-

nerally looked upon to be a moft dangerous procefs, it

being impollible to drive them in any particular direc-

tion, and difficult to avoid them; but as they are ad-

vanced above the dope of the echourie, the darknefs of

the night deprives them of every diredion to the water,,

fo that they ftray about and are killed at leifure,. thofe

2 that
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that are nearefl the fliore being the firft vidims. In this

manner there has been killed fifteen or fixteen hundred

at one cut. They then fkin them, and take off a coat

of fat that always furrounds them, which they difTolve

by heat into oil. The fkin is ciit into dices of two or

three inches wide, and exported to America for carriage

traces, and to England for glue. The teeth is an inferior

fort of ivory, and is manufadfured for the fame pur—

pofes, but very foon turns yellow*.

XXII.
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XXII. 7'be Procefs of making Ice in the Eaft Indies. By
- Sir Robert Barker, F. R. S, in a Letter to Dr.

Brocklefl:»y.

TO DR. RICHARD BROCKLESBY, F. R. S.

Spiing-GarJens,
^ I March 2, 1775.

Redcie, Mar. 9, f
g procefs of making ice in the Eaft

A Indies having become a fubjedt of fpe-

ciilation, I beg permiftion to prefent you with the me-
thod by which it was performed at Allahabad, Mootegil,

and Calcutta, in the Eaft Indies, lying between 257 and

2 3y degrees of North latitude. At the latter place I have

never heard of any perfons having difcovered natural ice

in the pools or cifterns, or in any waters colle6ted in the

roads; nor has the thermometer been remarked to de-

fcend to the freezing point; and at the former very few

only have difcovered ice, and that but feldom. But in the

procefs ofmaking ice atthefe places itwasufual to colle6t

a quantity every morning, before Sun-rife (except in

fome particular kinds of weather, which I fhall fpecify

in the fequel), for near three months in the year: viz,

from December till February.

The ice-maker belonging to me at Allahabad (at

which place I principally attended to this enquiry) made
afuf-
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a fuffident quantity in the winter for the fupply of the ta-

ble during the fummer feafon. The methods he purfued

were as follows : on a large open plain, three or four ex-

cavations were made, each about thirty feet fquare and

two deep ; the bottoms of which were Ifrewed about eight

inches or a foot thickwith fugar-cane, or the Ifems of the

large Indian corn dried. Upon this bed were placed in

rows, near to each other, a number of fmall, Ihallow,

earthen pans, for containing the water mtended to be

frozen. Thefe are unglazed, fcarce a quarter of an inch

thick, about an inch and a quarter in depth, and made of

an earth fo porous, that it was vifible, from the exterior

part of the pans, the water had penetrated the whole fub-

Ilance. Towards the dufk of the evening, they were

filled with foft water, which had been boiled, and then,

left in the afore-related fituation. The ice-makers at-

tended the pits ufually before the Sun was above the ho-

rizon, and collected in balkets what was frozen, by pour-

ing the whole contents of the pans into them, and there-

by retaining the ice, which was daily conveyed to the

grand receptacle or place of prefervation, prepared ge-

nerally on fome high dry fituation, by finking a pit of

fourteen or fifteen feet deep, lined firfi: with Ifraw, and

then with a. coarfe kind of blanketing, where it is beat

down with rammers, till at length its own accumulated

cold again freezes and forms one folid mafs. The mouth
of the pit iswell fecured from the exterior air with firaw
and blankets, in the manner of the lining, and a thatched

yoof is thrown over the whole.. It is here neceffary to

remark,
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remark, that the quantity of ice depends materially on the

Weather; and confequently, it has fometimes happened,

that no congelation took place. At others,perhaps,halfthe

quantity will be frozen; and I have often fecn the whole

contents formed into a perfe6l cake of ice : the lighter

the atmofphere, and the more clear and ferene the wea-

ther, the more favourable for congelation, as a frequent

change of winds and clouds are certain preventives. P"or

I nave frequently remarked, that after a very fliarp cold

night, to the feel of the human body, fcarce any ice has

been formed ; when at other times the night has been

calm and ferene, and fenfibly warmer, the contents of

the pans will be frozen through. The flrongeft proof

of the influence of the weather appears by the water in

one pit being more congealed than the fame preparation

for freezing will be in other fltuations, a mile or more

diftant.

To reafon phyflcally upon this procefs of making ice,

it may be faid, that had the thermometer been fufpended

in the air, free' from every other body capable of com-

municating heat, in fome parts of the night during the

cold months of December, January, and February, the

quickfllver might have defeended to the freezing point,

hnd that water, being artfully placed in a flmilar fltua-

'tion, contained in thin porous pans, and fupported by a

fubftance little capable of communicating heat from the

earth, might alfo freeze, and continue in a- flate of con-

gelation till the heat of the morning came on. I fay this

may be poflible
;
but at the fame time I mull beg leave

to
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to obfer\’'e, that, during my reildence in that quarter of

the globe, I never faw any natural ice. I cannot declare

that the thermometer has not defcended to the freezing

point during the night, becaufe I never made the necef-

lary obferyations
;
but the water in every other lituation,

excepting in the pans, has not appeared to be in a freez-

ing ilate. The climate may probably contribute in

fome meafure to facilitate the congelation of water, when
placed in a iituation free from the heat of the earth, fince

thofe nights in which the greateft quantity of ice has

been produced, were, as I before obferved, perfed:ly fe-

rene, the atmofphere fliarp and thin, with very little

dew after midnight. Many gentlemen, now inEngland,

have made the fame remarks, in their frequent vilits

with me to the ice-pits. The fpungy nature of the

fugar-canes, or ftems of the Indian corn, appears well

calculated to give a palTage underthe pans to the cold air;

which, a6ting on the exterior parts of the velTels, may
carry off by evaporation a proportion of the heat. The
porous fubftance of the veffels feems equally well qua-

lified for the admillion of the cold air internally; and
their Iituation being full a foot beneath the plane of the '

ground, prevents the furface of the water from being ruf-

fled by any fmall current of air, and thereby preferves the ^

congealed particles from difunion. Boiling the w'ater •

is efteemed a neceffary preparative to this method of con-

gelation
;
but how far this may be confonant with philo-

fophical reafoning, I will not prefume to determine

(a) See Part i. Art. xUl.

NnVoL. LXV. From
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From thefe circumftances it aj^pears, that water, by
being placed in a fituation free from receiving heat from
other bodies, and expofed in large furfaces to the air,

may be brought to .freeze when the temperature of the

atmofphere is fome degrees above the freezing point on
the fcale of Fahrenheit’s thermometer; and by being

colle6led and amafled into a large body, is thus prefeiwed,

and rendered fit for freezing other fluids, during the fe-

vere heats of the fummer feafon. In effecting which
there is alfo an eftabliflied mode of proceeding; the fher-

bets, creams, or whatever other fluids are intended to be

frozen, are confined in thin filver cups of a conical form,

containing about a pint, with their covers well luted on

with pafte, and placed in a large veffel filled wdth ice, falt-

petre, and common fait, of the two laft an equal quantity,

and a little water to dilTolve the ice and combine the whole.

This compofition prefently freezes the contents of the

cups to the fame confiftency of our icecreams. Sec. in Eu-

rope ; but plain water will become fo hard as to require a

mallet and knife to break it. Upon applying the bulb of a

thermometer to one of thefe pieces of ice, thus frozen, the

quickfilver has been known to fink two or three degree

below the freezing point : fo that from an atmofphere

apparently not mild enough to produce natural ice, ice

fliall be formed, col levied, and a cold accumulated, that

fhall caufe the quickfilver to fall even beloAV the freez-

ing point. The promifing advantages of fuch a difco-

very could alone induce the Afiatic (whofe principal ftudy

the luxuries of life, and this may well be called fuch,

when
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when I have often regaled with ices when the thermo-

meter has ftood at 1 1 2°), to make an attempt of profit-

ing by fo very flioit a duration of cold during the nights

in thefe months, and by a well-timed and critical contri-

vance of fecuring this momentary degree of cold, they

have procured to themfelves a comfortable refrefliment

as a recompence, to alleviate, in fome degree, the intenfe

heats of the fummer feafon, which, in fome parts of In-

dia, would be fcarce fupportable, but by the affiilance of

this and many other inventions. -

Accompanying I beg leave to offer you fome obferva-

tions, I made in the year 1767 O’), in the province of Alla-

habad, on the temperature of the weather, which will

ferve to elucidate the extraordinary and fudden changes

incident to that part of Afia. Alfo fome remarks on th©

weather during my voyage to England, particularly fpe-

cifying the fituation we were in when the obfervations

were made.

I am, SIR, with regard,

Your moft obedient humble fervant,

ROBERT BARKER.

(l) See ,a general account of thefe obfervations Article XVIII.

N n 2 XXIII. 0/
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XXIII. Of the Houfe-Swallow, Swift, Sand-Martin-.

By the Rev, Gilbert White, In l^hree Betters to the Hon,

Daines Barrington, F, R, S,

LETTER I.

OF THE HOUSE-SWALLOW.

DEAR SIR, Selborne, Jan. 29, 1775.

Redde, Mar. houfe-fwallow, or chimiiey-fwal-

low, is undoubtedly the firft comer of

all the Brithli hirundines ; and appears in general on or

about the 1 3th of April, as I have remarked from many
years obfervation. Not but now and then a ftraggler is

feert much earlier ;
and in particular, when I was a boy,

I obferved a fwallow, for a whole day together, on a

funny warm Shrove-tuefday, which day could not fall

out later than the middle of March, and often happens

early in February. It is worth remarking, that thefe

birds are feen firft about lakes and mill-ponds : and it is

alfo very particular, that if thefe early vifitors happen to

find froft and fnow, as was the cafe in the two dreadful

fprings of 1770 and 1771, they immediately withdraw

for a time. A circumftance this much more in favour

* See an account of the Houfe-Martin by the fame gentleman, in Phil..

Tranf, voL LXIV.- p, 196.

of
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hiding than migration
;
fince it is much more probable,

that a bird flrould retire to its hybernacuiu7n at hand,

than return for a week or two only to warmer latitudes.

This fwallow, though called the chimney-fwal-low, by

no means builds altogether in chimneys
;
but often with-

in barns and out-houfes, againft the rafters : and fo fire

did in Virgil’s time

:

Ante
“ Garrula quam tignis 72tdosfufpendat hirundo.^''

In Sweden fhe builds in barns, and is called ladu fwala^

the barn-fwallow. Belides, in the warmer parts of Eu-

rope, there are no chimneys to houfes except they are

Engliflr-built. In thefe countries Are conftrudts her

neftin porches and gateways, galleries, and open halls.

Here and there a bird may affedl fome odd, peculiar place;

as we have known a fwallow build down the fliaft of an

old well, through which chalk was formerly drawn up,

for the purpofes of manure
;
but in general with us, this

birundo breeds in chimneys, and loves to haunt thofe

flacks where there is a conftant fire, no doubt for the

fake of warmth. Not that it can fublift in the immedi-

ate fhaft where there is a fire
;
but prefers one adjoining

to that of the kitchen, and difregards the perpetual,

fmoke of that funnel, as I have often obferved rvith fome

degree of wonder. - Five or fix or more feet dowur the

chimney does this little bird begin to form her nefl about

the middle of May, which confifts, like that of the houfe-

martin, of a cruft or fliell, compofed of dirt and mud,
mixed with fhort pieces of ftraw, to render it tough and

permanent
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permanent ;
with this difference, that whereas the fliell

of the martin is nearly hemifpheric, that of the fwallow

is^ open at the top, and like half a deep difli. This neft is

lined with fine gralfes and feathers, which are often col-

ledted as they float"in the air. Wonderful is the ad-

drefs which this adroit bird fhews all day long in afeend-

ing and defeending, with fecurity^ through fo narrow a

pafs. When hovering over the mouth of the funnel,

the vibrations of her wings, adling on the confined air,

occafion a rumbling like thunder. It is not improbable,

that the dam fubmits to this inconvenient fltuation lb

low in the fhaft, in order to fecure her broods from ra-

pacious birds, and particularly from owls, which fre-

quently fall down chimnies, perhaps in attempting to

get at thefe neftlings. The fwallow lays from four

to fix white eggs, dotted with red fpecks ; and brings out

her firfl: brood about the lafl week in June, or the firfl

week in July. The progreflive method by which the

young are introduced into life is veryamufing. Firfl: they

emerge from the fliaft with difficulty enough, and often

fall down into the rooms below. For a day or fo they

are fed on the chimney-top
;
and then are condudled to

the dead leaflefs bough of fome tree, where, fitting in a

row, they are attended with great afliduity, and may then

be called perchers. In a day or two more they become

flyers^ but are flill unable to take their own food; there-

fore they play about near the place where the dams are

hawking for flies; and when a mouthful is collected, at

a certain lignal given, the dam and the neftling advance

rifing
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riling towards each other, and meeting at an angle; and

the young one all the while uttering luch a little quick

note of gratitude and complacency, that a perfon mull

have paid very little regard to the wonders of nature that

has not often remarked this feat. The dam betakes

herfelf immediately to the bulinefs of a fecond brood, as

foon as die is difengaged from her firlf
;
which at once

alTociates with the firft broods of houfe-martins, and

with them congregates, cluftering on funny roofs, tow-

ers, and trees. This hirundo brings out her fecond brood

towards the middle and end of Auguft. All the fum-

mer long is the fwallow a moll inftriictive pattern of un-

wearied induftry and affection! For, from morning to

night, while there is a family to be fupported, fhe fpends

the whole day in Ikimming clofe to the ground, and

exerting the moll fudden turns and quick evolutions.

Avenues and long walks under hedges, pallure fields

and mown meadows where cattle graze, are her delight,

efpecially if there are trees interfperfed
; becaufe in fuch

fpots infedts moft abound. When a fly is taken a fmart

fnap from her bill is heard, refembling the noife at the

Ihutting of a watch-cafe ; but the motion of the mandi-

bles is too quick for the eye. The fwallow, probably

the male bird, is the excubitor to the houfe-martins, and

other little birds, announcing the approach of birds <£

prey: for as foon as an hawk appears, with a flirili alarn -

ing note, he calls all the fwallows and martins about Uji
,

who purfue in a body, whilft they buffet and firike •. ,r

enemy till they have driven him from the village,
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dug down from above on his back, and rifing in a per-

pendicular line in perfect fecurity. This bird allb will

found the alarm, and ftrike at cats, when they climb on

the roofs of houfcs, or otherwife approach their riehs.

Each fpecies of hirundo drinks as it flies along, fipping

the furface of the water; but the fwallow alone wafJjes

on the wing, by dropping into a pool for many times

together. The fwallow is a delicate fongfter, and in

foft weather fings both perching on trees and on chim-

ney tops and flying: is alfo a bold ranger to diftant

downs and commons even in windy weather, which the

other fpecies feem much to diflike
;
nay, even frequent-

ing expofed fea-port towns, and making little excurflons

over the falt-water* Horfe-men, on wide downs, are

often clofely attended by a little party of fwallows for

miles together, which plays before and behind them,

fweeping around and colledling all the ikulking infecfls

that are roufed by the trampling of the horfes feet: when
the wind blows hard, without this expedient, they are

often forced to fettle to pick up their lurking prey.

This fpecies feeds much on little coleoptera as well as on

grafs and flies
;
and often fettles on dug grounds for gra-

vel, to grind and digeft its food. Before they depart,

for fome weeks, to a bird, they forfake houfes and chim-

nies, and rood in trees, and ufually withdraw about the

beginning of Odlober, though fome few flragglers may
appear at times to the firft week in November. Some
few pairs haunt the new and open ftreets of London
next the fields

;
but do not enter, like the houfe-martins,

the

I
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the clofe and crowded parts of the city. Both male

and female are diftingiiifhed from their congeners by

the length and forkednefs of their tails. They are un-

doubtedly the moil nimble of all the fpecies
; and when

the male purfues the female in amorous chace, they then

go beyond their ufual fpeed, and exert a rapidity almoil

too quick for the eye to follow.

After this circumilantial detail of the life and difcern-

ing rof7>?.of the fwallow, I ihall add for your farther

amufement, an anecdote or two not much in favour of

her fagacity. A certain fwallow built for two years

together on the handles of a pair of garden-fheers, that

were iluck up againft the boards in an out-houfe
;
and,

what is ilranger ilill, another bird of the fame fpecies

built its nefl on the wings and body of an owl that hap-

pened by accident to hang dead and dry from the rafter

of a barn. This owl, with the neft on its wings, and

with eggs in the neft, was brought as a curioftty worthy

the moft elegant private mufeum in Great Britain. The
owner, ftruck with the oddity of the light, furnifhed the

bringer with a large ftiell or conch, deliring him to fix

it juft where the owl hung. The perfon did as he was
ordered; and the following year a pair, probably the

fame pair, built their neft in the conch, and laid their

eggs. The owl and the conch make a ftrange grotefque

appearance, and are not the leaft curious fpecimens in

that wonderful colle6lion of art and nature.

Thus is inftin(5l in animals, taken the leaft out of its

way, an undiftinguUhing, limited faculty, and blind to

Vox.. LXV. O o every
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every circiimftance that does not immediately refpeit

felf“prefervationj or lead at once to the propagation or

fiipport of their fpecies. I am, with all refpec^l, 84c.

letter II.

of the SWIFT, or BLACK MARTIN.

DEAR SIR, Selborne, Sept. 28, I 774 *-

A S the Swift or Black Martin is the largeft of the

Britifh hirundincs.^ fo it is undoubtedly the lateft

comer : for I remember but one inftance of its appearing

before the laft week in April; and in feme of our late

frofty, harlh fprings.it has not been feen till the begin-

ning of May. This fpecies ufually arrives in pairs..

The fwift, like the fand-martin, is very defe^ive m.

architeaure, making no cruft or Ihell for its neft; but

forming it of dry graffes and feathers, very rudely and

inartificially put together. With all my attention to,

thefe birds I have never been able to difcover one m the

aa of colleaing or carrying in materials: fo that! have

fufpeaed (fince their nefts are exaaiy the fame), that

they fometimes ufurp upon the houfe-fparrows and ex-

pel them, as fparrows do the houfe and fand-martin;

well remembering t^at I have feen them ftiuabbling to-

gether
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getlier at the entrance of their holes, and the fparrows

up in arms and much difconcerted at thefe intruders.

And yet I am affured, by a nice obferver in fuch matters,

that they do colle6l feathers for their nefts in Andalulia

;

and that he has fliot them with fuch materials in their

mouths. Swifts, like fand-martins, carry on the bu-

fmefs of nidification quite in the dark, in crannies of

towers and fteeples, and upon the tops of the walls of

churches under the roof; and therefore cannot be fo

narrowly watched as thofe fpecies thatbuildmore openly

;

but from what I could ever obferve, they begin netting

about the middle of May, and I have remarked, from

eggs taken, that they have fat hard by the ninth of June,

In general they haunt high buildings, churches, and ftee-

ples, and build only in fuch; yet in this village fome

pairs frequent the loweft and meaneft cottages, and edu-

cate their young under thofe thatched roofs. We re-

member but one inllance where they bred out of build-

ings ; and that is in the lides of a deep chalk-pit near the

town of Odiham in this county% where we have feen

many pairs entering the crevices and fkimming and

fqueaking round the precipices. As I have regarded

thefe amulive birds with great attention, if I lliould ad-

vance fomething new and peculiar with refpe<5l to them,

and different from all other birds, I might perhaps be

credited
; efpecially as my aflertion is the refult of many

years exa6l obfervation. The fa6l that I would advance

is, that fwifts tread or copulate on the wing ; and I could

* Viz. Hampfliire,

O o 2 wllll
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wilh any nice obferver, that is ftartled at this fuppolition,

to life his own eyes, and I think he will foon be con-

vinced. In another clafs of animals, videlicet^ the infe&y

nothing is fo common as to fee the different fpecies of

many genera in conjiindion as they fly. The fwift is

almoll: continually on the wing; and as it never fettles

on Xhe ground, on trees, or roofs, would feldom find op-

portunity for amorous rites, was it not enabled to indulge

them in the air. If any perfon would watch thefe birds

on a fine morning in May, as they are failing round at a

great height from the ground, he would fee every now
and then one drop on the back of another, and both of

them fink down together for many fathoms, with a loud

piercing fliriek. This I take to be the jun61;ure when the

bufinefs of generation is carrying on. As the fwift

eats, drinks, colle6ls materials for its nefb, and, as it feems,

propagates on the wing ; it appears to live more in the

air than any other bird, and to perform all fuiuflions

there, fave thofe of fleeping and incubation. This hi-

rundo differs widely from its congeners, in laying inva-

riably but two eggs at a time, which are milk-white, long,

and peaked at the fmall end ; whereas the other f^iecies

lay at each brood from fotir toJix, It is a mofl alert bird,

riling very early, and retiring to reft very late, and is on

the wing, in the height of fummer, at leaft fixteen hours.

In the longeft days it does not withdraw to reft till a

quarter before nine in the evening, being the lateft of

all day-birds. Juft before they retire, whole groups of

them affemble in the air, and fqueak and fhoot about

with
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with wonderful rapidity. But this bird is never fo much
alive as in fultry, thundry weather, when it exprelTes

great alacrity, and calls forth all its powers. In hot

mornings, feveral getting together in little parties, dafii

round the fteeples and churches, fqueaking as they go in

a very clamorous manner : thefe, by nice obfervers, are

fuppofed to be males ferenading their fitting hens
; and

not without reafon, fince they never fqueak till they

come clofe to the walls or caves ;
and fince thofe within

utter at the fame time a little inward note of compla-

cency. When the hen has fat hard all day, fhe ruflies

forth juft as it is almoft dark, when flie ftretches and re-

lieves her weary limbs, and fnatches a fcanty meal for a.

few minutes, and then returns to her duty of incubation.

Swifts when wantonly and cruelly fliot, while they have

young, difcover a little lump of infedts in their mouths^

which they pouch and hold under their tongue. In ge-

neral they feed in a much higher diftridt than the other

fpecies; a proof that gnats and other infedts do alfo

abound to a confiderable height in the air. They alfo-

range to great diftance, fince loco-motion is no labour to

them, who are endowed with inch vaft powers of wing.

Their powers feem to be in proportion to their levers;,

and their wings are longer in proportion than thofe of

almoft any other bird. When they mute, or eafe them-
felves, in flight, they raife their wings, and make them
meet over their heads. At fome certain times in the

fummer I had remarked, that fwifts were hawking lov<r

for hours together, over pools and ftreams
;
and could

not
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not help enquiring into the object of their purfuit, that

induced them to defcend fo much below their ufual

range. After fome trouble, I found that they were taking

phryganea, ephemerce^ and libellul<2 (cadew-flies, may-

flies, and dragon-flies), that were juft emerged out of

their aurelia-ftate, I then no longer wondered that they

fhould be fo v/illing to ftoop for a prey, that yielded them

fuch plentiful and fucculent nouriftnnent. They bring

out their young about the middle or latter end of July;

but as thefe never become perchers, nor, that ever I could

difcern, are fed on the wing by their dams, the commg
forth of the young is not fo notorious as in the other

fpecies. On the 30th of June laft, I untiled the eaves

of a houfe where many pairs build, and found in each

iieft only two naked, fquab pulli. On the eighth ofJuly

I repeated the fame enquiry, and found they had made
very little progrefs towards a fledged ftate

; but were ftill

naked and helplefs. From whence we may conclude,

that birds, whofe way of life keeps them perpetually on

the wing, would not be able to quit their neft till the end

of the month. Swallows and martins, that have nume-
rous families, are continually feeding them every two or

three minutes ;
while fwifts, that have but two young to

maintain, are much at their leifure, and do not attend

on their nefts for hours together. 'Sometimes they

purfue and ftrike at hawks that come in their way ;
but

not with that vehemence and fury that fwallows exprefs

on the fame occalion. They are out all day long in wet

days, feeding about, and difregarding ftill rain: from

whence



[ 2-69 ]

whence two things may be gathered
; firft, that many in-

fe<fts abide high in the air^ even in rain; and next, that

the feathers of thefe birds mull be well preened to relift

fo much wet. Windy, and particularly windy wxather

with heavy lliowers, they dillike
; and on fuch days with-

draw, and fcarce ever are feen.^ There is a circum-

ftance refpedting the colour of fwifts,, which feems not to

be unworthy our attention^ When they appear in the

fpring they are all over of a glolTy, dark, foot-colour, ex-

cept their chins, which are white j but by being all day

long in the fun and air they become quite weather-

beaten and bleached before they depart
; and yet they

return glolfy again in the fpring. Now if they purflie

the fun into lower latitudes, as fome fuppofe, in order to

enjoy a perpetual fummer, why do they not return

bleached ? Do they not rather, perhaps, retire to reft for

a feafon, and at that jundture moult and. change, their

feathers, lince all other birds are known to moult fooii

after the feafon of breeding ? Swifts are very anoma-
lous m many particulars, dilfentihg from all their con-

geners not only in the number of their young, but iii

breeding but once in a fummer; whereas all the other

Britilh birundines breed, invariably twice. It is pad all

doubt, th?X fwifts can breed but once, 'lince they with-

draw in a very fhort time after the flight of their young,

and fome timebefore their congeners bring out. their fe-

cond broods. We may here remark, that as fwifts, breed

but once in a fummer,, and only two at a. time, and the:

other hirundines twice, the, latteiy who lay from/o^r to.
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ftx eggs, increafe at an average five times as fafi: as the for-

mer. But in nothing are fwifts more fingular than in their

early retreat. They retire, as to the main body of them,

by the i oth of Auguft, and fometimes a few days fooner;

and every ftraggler invariably withdraws by the 20th,

while their congeners, all of them, ftay till the begin-

ning of October, many of them ftay all through the

month, and fome occafionally to the beginning of No-
vember. This early retreat is myfterious and wonderful,

fince that time is often the fweeteft feafon in the year.

But what is more wonderful, they retire ftill earlier in

the moft foutherly parts of Andalufia, where they can

be no ways influenced by any defeat of heat
;
or, as one

might fuppofe, by any defe6l of food. Are they regu-

lated in their motions with us by a failure of food r or by

a proj^enfity to moulting ? or by a difpofition to reft after

fo rapid a life ? or by what ? This is one of thofe inci-

dents in natural hiftory that not only baffles our fearches,

but almoft eludes our gueffes ! Thefe hirundines ne-

ver perch on trees or roofs, and fo never congregate with

their congeners. They are fearlefs while haunting their

nefting places
;
are not to be feared with a gun

; and are

often beaten down with poles, as they ftoop to go under

the eaves. They are alfo much infefted with thofe pefts

to the whole genus, called hippoboject hirundmis\ and

often wriggle and fcratch themfelves in their flight to

get rid of thefe clinging annoyances. Swifts are no

fongfters, and have only one harfli fereaming note
;
yet

there are ears to which that note is not difpleafing from

4 an
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an agreeable allociation of ideas, fince that note never
occurs but in the moft lovely fiimmer weather. They
never fettle on the ground but through accident, and
when down can hardly rife, on account of the fliortnefs of
their legs and the length of theirwings : neither can they
walk, but only crawl; but they have a flrong gralp with
their feet,by which they cling to walls. Their bodies being
flat, th^y can enter into a very narrow crevice

; and where
they cannot pafs on their bellies, they will turn up edge-
ways. The particular formation of the fwift’s foot dif-
criminates that bird from all the Britifli hirundines^ and
indeed from all other known birds, the hirundo m.elba, or
gi eat white-bellied fwift of Gibraltar, excepted

; for it is
lo difpofed as to carry omnes quatuor digitos anticos. Be-
fides, the leaf! toe, which fliould be the back toe, con-
lifls only of one bone alone

; and the other three only of
two apiece. A conftru<ftion mod: rare and peculiar; but'
nicely adapted to the purpofes in which their feet are
employed. This, and fome peculiarities attending the'
nodrils and under mandible, have induced a difcerning'
naturalidr^; to fuppofe, thaf this fpecies might conditute'
a genus perfe. In London, a party of fwifts frequent^
the Tower, playing and feeding over the river jud be-*^
low the bridge : others haunt fome of the churches of
the Borough next the fields;- but do nor venture, like'..

the houfe-martin, into the clofe, crowded qiarts of the'
town. The Swedes have bedowed a very pertinent^

(a) JOHN ANTONY scoPoCi, of Carhlola, M. D - ^

VOL.LXV. . pp
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name on this fwallow, calling it ringfwala from the per-

petual rings^ or circles that it takes round the fcene of

its nidification* I am, 8cc,

LETTER III.

Of the SAND-MARTIN, or BANK-MARTIN.

•HE Sand-martin, or Bank-martin, is by much the

lead: of any of the Britiflr birundineSy and as far as

ever we have feen, the fmallell known birimdo ; though

BRxssoN afferts that there is one much fmaller, and that

is the hirnndo ejculmta. But it is much to be regretted,,

that it is fcarce poIEble for any obferver to be fo full and

exacSt as he could with, in reciting the circumdances

attending the life and converfation of this little bird;,

hnee it is.fera naturdy at lead in this part of the king-

dom, difclaiming all domedic attachments, and haunt-

ing wild-i heaths and commons where there are large

lakes,^ while the other fpecies, efpecially the fwallow and

houfe-martin, are remarkably gentle and domedicated,,

nndinever feem.to think themfelves fafe but under the

protection of man. Here are in this paridi, in the

land-pits and banks of the lakes of Woolmer Fored,

feveral colonies of thefe birds; and yet they are never

feen in the village, nor do,they at all frequent the cot-

DEAR SIR, Selborne, Feb. .26, 1774.
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tages that are fcattered about in that The
only inftance, I ever remember, where this fpecies haunts

any building, is at the town of Biihop’s Waltham in this

county, wheremany fand-martins neftle and breed in the

fcafFoid-holes of the back-wall of william of wick-

ham’s ilables; but then this wall hands in a very fe-

queftered and retired enclofure, and faces upon a large

and beautiful lake. And indeed this fpecies feems fo to

delight in large waters, that no inhance occurs of their

abounding but near vaft pools or rivers
; and in particu-

lar, it has been remarked, that they fwarm on the banks

of the Thames, in fome places below bridge. It is

curious to obferve with what different degrees of archi-

tectonic fkill Providence has endowed birds of the fame

genus

^

and ib nearly correfppndent in their general mode
of life! For while the fwallow and the houfe-martin

difcover the greateft addrefs in railing and fecurely fix-

ing crufts or ftiells of loam as cunabula for their young,

the bank-martin terebrates a round and regular hole in

the fand or earth, which is ferpentine, horizontal, and

about two feet deep. At the inner end of this burrow
does this bird depofit, in a good degree of fafety, her rude

neft, confifting of fine grafles and feathers, ufually goofb

feathers, very inartificially laid together. Perfeverance

will accomplifh any thing
; though one would at firft be

difinclined to believe, that this weak bird, with her foft

and tender bill and claws, fhould ever be able to bore the

ftubborn fand-bank without entirely difabling herfelf.

Yet with thefe feeble inftrumeiits have I feen a pair of

P P 2 them
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make good difpatch, and conld remark how much
they had fcooped that day, by the frefli fand which ran

down the bank, and was of a different colour from that

which lay loofe and bleached in the Sun. In what

fpace of time thefe little artifts are able to mine and finifli

thefe cavities I have never been able to difeover, for rea-

fons given above
;
but it would be a matter worthy of

obfervation, where it falls in the way of any naturalift

to make his remarks. This I have often taken notice of,

that feveral holes, of different depths, arc left unfiniflied

at the end of fummer. To imagine that thefe begin-

nings were intentionally made in order to be in greater

forwardnefs for next fpring, is allowing, perhaps, too

much forefight and rerum prude?itia to a fimple bird.

May not the caufe of thefe latehm being left unfiniflied

arife from their meeting in thofe places with Jirata too

hard, harfli, and folid for their purpofe, which they re-

linquifli, and go to a frefli fpot that works more freely ?

Or may they not in other places fall in with a foil as

much too loofe and mouldering, liable to flounder, and

threatening to overwhelm them and their labours ?

One thing is remarkable, that after fome years the old

holes are forfaken, and new ones bored; perhaps becaufe

the old habitations grow foul and fetid from long ufe;

or becaufe they may fo abound with fleas as to become

untenantable. This fpeeies of fwallow, moreover, is

ftrangely annoyed with fleas; and we have feen fleas,

bed-fleas (pulex irritans) fwarming at the mouths of

thefe holes like bees on the ftools of their hives. When
they
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they happen to breed near hedges and enciofnres, they

are difpolTeffed of their breeding holes -by the honfe-

fparrow, which is on the fame account a fell adverfary to

houfe-martiiis. The following circumftance fLionld

by no means be omitted, that thefe birds do not make
nfe of thefe caverns by way of hybernacula^ as might be

expected ;
fince banks fo perforated have been dug ont

with care in the winter, when nothing was found but

empty nefts. The fand-martin arrives much about

the fame time with the fwallow, and lays, as die does,

from four to fix white eggs. But as this fpecies is cryp-

togame^ carrying on the bufinefs of nidification, incuba-

tion, and the fupport of its young, in the dark, it would

not be" fo eafy to afcertain the time of breeding, were it

not for the coming forth of the broods, which appear

much about the time, or rather fomewhat earlier than

thofe of the fwallow. The neftlings are fupported in

common like thofe of the congeners^ with gnats and
other fmall infects ; and fometimes they are fed with //-

bellul(2 (dragon-flies) almofi: as long as themfelves. The
laft week in June, we have feen a row of thefe fitting on
a rail near a great pool, as perchers, and fo young and
helplefs, as eafily to be taken by hand ; but whether the

dams ever feed them on the wing, as fwallows and houfe-

martins do, we have never yet been able to determine

;

nor do we know whether they purfue and attack birds

of prey. Thefe hirundines are no fongfters, but rather

mute, making only a little harfii noifewTen a perfon ap-

proaches their nefts. They feem not to be of a focial}ie

turn^



[ 276 ]

turn, never with us congregating with tiieir cmgt;rt£ri

in the autumn. Undoubtedly they breed a fecond time,

like the houfe-martin and fwallow, and withdraw about

hlichaelmas. Though in fome particular diftri61;s they

may happen to abound, yet in the whole, in the South

of England at leaft, is this much the rareft fpecies. For

there are few towns or large villages but what abound

with houfe-martins ; few churches, towers, or fteeples,

but what are haunted by fome fwifts ; fcarce a hamlet or

fingle cottage-chimney that has not its fwallow : while

the bank-martins, fcattered here and there, Uve a fequef-

tered life among fome abrupt fand-hills, and in the

banks of fome few rivers. Thefe birds have a pecu-

liar manner of flying; flitting about with odd jerks

and vacillations, not unlike the motions of a butterfly.

Doubtlefs the flight of all hirundines is influenced by,

and adapted to, the peculiar fort of infects which fiunilh

their food. Hence it would be worth enquiry to exa-

mine, what particular genus of infecfls affords the prin-

cipal food of each refpe<flive fpecies of fwallow. Sand-

martins differ from their congeners in the diminutive-

nefs of their fize and in their colour, which is what

is ufually called a moufe-colour. Near Valentia m
Spain they are taken and fold in the markets for the

table; and are called by the country people, probably

from their defultory, jerking manner of papilion

de Montagna,.^

I am, with the greateft refpe6l, &c.

XXIV. Account
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XXIV. Accazmt ef a Machinefor raifmg Water
^
executed

^^Oultoiiy Clielhire, in 1772* In a Letter from

Mr, Jahn Whitehurft to Dr, Franklin.

BEAR SIR,

Redcle, Mar. i6,"pj^ggUMING the modc of railing wa-
X ter by its momentum may be new and-

ntefal tn many individuals, induces me to fend you the

inclofcd plan and defcription of a work, executed in tho

year 177 2, at Oulton, in Chelhire, the feat of Philip

EGERTUN, Efq. for the fervice of a brewhoufe and other

offices, and is found to anfwer effectually. I am, sir,

Your moff obedient fervant,

JOHN WHITEHURST.

Pleaie tnobferve,thattheeircumftancesattending this'

water-work, require a particular attention, and are as fol-

lows (fee TAB. VII. fig. A.) : (A) reprefents the fpring or

original refervoir, whofeupper furface coincides with the

horizontal line BC, and the bottom of the refervoir K.

D the main pipe, inch diameter, and nearly two hun-
dredtyards in length, E a branch pipe, of the former di-

I menfions.
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iTienfions, for the fervice of the kitchen offices. Nowit is

to be obferved, that the kitchen offices are lituated at leaft

eighteen or twenty feet below the fnrface of the refer-

voir A, and that the cock F is about fixteen feet below

it. G reprefents a valve-box, g the valve, H an air-

velTel, 00 the ends of the main-pipe inferted into H, and

bending downwards, to prevent the air from being driven

out when the w'ater is forced into it, w the furface of

the water. Now it is w'ell known, that water difcharged

from an aperture, under a preffure of hxteen feet per-

pendicular height, moves at the rate of thirty-two feet

in a fecond of time; therefore fuch will be the velocity

of the water from the cock F. And although the aper-

ture of the cock F is not equal to the diameter of the

pipe D, yet the velocity of the water contained in it will

be very conhderable : confequently, when a column of

water, two hundred yards in length, is thus put into

motion, and fuddenly flopped by the cock F, its mo-
mentous force will open the valve g, and condenfe the

air in H, as often as water is drawn from F. In what

degree the air is thus condenfed, is needlefs to fay in the

infiance before us ; therefore I fliall only obferve, that

it was fufficiently condenfed to force out the v/ater into

the refervoir K, and even to burft the veffel H, in a few

months after it was firfl conftrudled, though apparently

very firm, being made of fheet lead, about nine or ten

pounds weight to a fquare foot. From whence it feems

xeafonable to infer, that the momentous force is much
* fuperior
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fuperior to the fimple preffure of the column IK
; and

therefore equal to a greater refiftance (if required) than
a preffure of four or five feet, perpendicular height.
It feems neceffary further to obferve, that the confump-
tion of water in the kitchen offices is very confiderable

;

that is, that water is frequently drawing from morning
till night all the days of the year.

QqVoL. LXV, XXV. 03-
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XXy. ExtraBl ofa Letterfrom Mr. Lexel to Dr. Morton*

Dated VQiQ\:^b\xvg, June 14, 1774.

Redde, Mar. i6, X g j propofe to make fome refearches

concerning the difference of the me-
ridians of the principal Obfervatories of Europe, which I

am perfuaded can heft be afcertained by the occultations

of the fixed fiars by the Moon ;
it would be of great fer-

vice to me to be furnifhed with the obfervations that

have been made, or that will be made, this year, of the

occultations of cc or of y Tauri by the Moon. I beg,

therefore, sir, you will pleafe to defire Mr. maskelyne
to communicate them to me, towards the beginning of

the next year, directed to Mr. euler, fecretary of our

Academy. It would alfo be of great ufe to me to have

the obfervation of the occultation of the Pleiades by the

Moon the 1 5th of March, 1 7 66, in cafe it has been taken

at Greenwich.

Here are fome obfervations of Mr. Wargentin, of the

occultations of (/. and y Tauri.

X773>



i773> Nov. i

j 774,
Jan. 22

Feb. i8

II 56 12

6 o 261

7 15 51

6 39 51

7 19 33
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Emerfion of «, uncertain to fome feconds.

Immerfion of the eye of b ,

Emerllon,

ImmerTion of y, very certain.

Emerfion, within two feconds.

’

^
both very certain.

The following are my obfervations.

1773, Nov. I 12 56 47

1774, Jan. 22 7 2 52

8 20 44

April 14 8 28 34

9 3 20

IS 9 32 0

16 10 21 31

May 22 13 2 20

f Emerfion of « almoft certain; the Immerfion wa'9

1. not oblerved on account of clouds.

Immerfion,

b J

both certain.

Emerfi-on,

Immerfion of «, very certain.

Emerfion of the fame.

Immerfion of flamstead’s 115 in 8 •

Immerfion of a ftar of the 6th magnitude in n

Immerfion of m Virginis, very certain.

I have lately difcovered two curious theorems, which

I ihall here communicate to the Royal Society*

theorem.
Let A,B,c,D,E, F, be a polygonwhofe

/]
fides are named c, d, e, /; and the

exterior angles a, /3, 7, fo that the

fide a be placed between the angles a

and |6, b between /3, 7, &c.

1 . ax^n7c^-\-b xfin + c X fin. (» + g + y) + ^ X fin. (« +j3 + y+ ^)

+ ;x(fin.* + |3 + y+^'+0 +/xfin.(» + ^ + y+H'+ ^)=(^.

U/
Q q a
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2. c X cofin. a 4- ^ X coL -j- 0 ) -f. c x col. (« + 13 + y}+ <5^ X cof. (« + /3 -f- y -f J)

-j* f X cof. (*4-^4->'4-^4-E^-i-yx col. ®4"/3-|-y4''^4"* + Cj —

In fa6l it is fin. (/3' + |S + y + J'+f+<^) = fin. 360° = 0,

and cof. (<3^ + /S + ^ + J'+e + ^) = + i.; but in order to give

the fame form to the two expreflions, I rather chofe to

reprefent them as I have done. By means of thefe two

theorems the folution of polygons will be as eafy as that

of triangles by common trigonometry.

XXVI. Jn
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XXVI. An InveJHgation of a general l^heore7n for finding

the Length of any Arc of any Conic Hyperbola^ by Means

of Lwo Elliptic Arcs, with fo77te other new and ufeful

’theorems deduced therefrom^ By John Landen, F. R. S,

Redd'e, Mar. 23,

1775-
1ST a joaper, which the Society did me tile

honour to publilli in the Philofophical

Tranfadtions for the year 1771,1 announced, that I had

difcovered a general theorem for finding the length of

any arc of any conic hyperbola', by means of two ellip-

tic arcs
;
and I promifed to communicate the inveftiga-

tion of fuch theorem.. I now purpofe to perform my
promife; and, being pleafed with the difcovery (by

which we are enabled to bring out very elegant conciu-

fions in many interefting enquiries, as-well mechanical

as purely geometrical), I cannot but flatter myfelf, that

what I am , about to communicate wdll be acceptable to

gentlemen who are curious in fuch inquiries. •

I . From, the theorem taken notice of in Art. i . of the

paper I havejufi: now mentioned, it follows, that in the hy-

perbola AD (tab. VII. fig. I.), if the femi-tranfverfe axis

AchG=?n-n; the femi-conjugate= 2 x mn ^^
;
and the per- ^

pendicular cp, from the center c upon the tangent dp,

the difference (dp -ad) between the faid.

tangent
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tangent dp and the arc ad will be equal to the fluent of

7TI W 1'

m + n\—t
X

2. It is well known, that in any ellipfis whofe femi-

tranverfe axis is m, and femi-conjugate n', if a’ be the

abfcifla, meafured from the center upon the tranfverfe

axis, and z the arc between the conjugate axis and the
—

ordinate correfponding to .r, f x ^ will be =

being =

Hence,

m
7n

being
»7+ «

t, it
m~

m-

:appears, that in the ellipfls aed (fig. 2.) whofe femi-

tranfverfe axis cd is -m + n, femi-conjugate ca= 2 x ?nn^i

and abfciflTa cb (correfponding to the ordinate be)

/; the arc ae is equal to the fluent of /.

3. In the ellipfis aefd (fig. 3.), the femi-tranfverfe

;axis cd being = the femi-conjugate ca = n\ and

the abfcilfa cb (correfponding to the ordinate be) = a";

if e p, the tangent at e, intercepted by a perpendicular

(cp) drawn thereto from the center c, be denoted by t\

/gx X (as is well known) will be = if, g being as

in the preceding article.

Hence
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Hence = ”i±i‘ From
•Xg Xg, • I

which equation, by taking the fluxions, we have,

. tt

XX- — + -

'^S xg X rn —«"P

—

%Xm^ -\-n - xt^->ct‘^

tt m + n^Xtt—ft T> 4.
• 7>r— fj

-T — - . But js beme = ^
i2 Hi " —•*

:

—

n* —t Xm4-n \

—

t i

7/i —gx‘
X '• iVn

zg X m—n* -—f X m-\-nf—fi'

as obferved in the preceding article, it appears that

^ X .vi is = z. It is obvious, therefore, that ^

z IS ^ + 4 X ..

W*+ « X:t ft

m—nf—f X m -f nf—f f"
'

m—»)* X i—ft
, 1 X i— ft

-:.y ^ 4
X

rx + 4
^

m—nf—t xm-i-n

I

#2J2 m— —f X — f'^

_ I -A I
I= T ^ T X .

m—n\ —

t

m-fra

1
,

1 m-\r‘nf—

f

X f + X X
}H «• 1

x/. Fromwhence

taking the fluents by the theorems in art. i. and 2 . we

havea = ae(fig. 3.) =4x+
°’’ ^^° (fig- i-) +7 (%• .2-)

confequently the hyperbolic arc ADis=DP + ae+2/~4ae. .

Thus, beyond my expe6tation, I And, that the hyperbola .

may in general be re6lified by means of two ellipfes. ..

Writing e and f for the quadrantal arcs ad, ad, (fig»

2. and 3.) refpedlively, and l for the limit of the differ-^

ence dp- ad, whilft the point of conta61 (d) is fuppofed

to be carried to an infinite diftance from the vertex a of

the hyperbola (fig. i .), we find.*

2 F-E= L,

the value of. ae being =yF when t \ :

6 . that:x
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that is, when e coincides with d (fig. 2.), and p with c

(fig. I .), by what I have proved in the before mentioned

paper, art. 10.

4. From what is done above, the following ufeful

theorems are deduced.

THEOREM I,

'

The fluent of 4 <2 " ^ zx —
H-z

is = de.
a—z

THEOREM II.

The fluent of 4 <2 " 5?
T • a—z
Z X — ^=^+ilde-^ + ai.ef.

+ Z1

The fluent of

THEOREM III.

= 2 ef-de=2 F-E + AD-DP.
-I r

—z^U

THEOREM IV.

The fluent of M —

~

r:2xde-ef. N.B./^=! .

^^ + 2/^z—z'^h 2a

Thefe theorems flill refer to fig. i. 2. 3.; but now
the values of the feveral lines therein (being not as be-

fore) are as here fpecified
;
videlicet^

Fig. I. In the hyperbola ad, the femi-tranfverfe axis

AC is now = a
;
the femi-conjugate = b ; the perpendicu-

lar CP, from the center c upon the tangent dp, is =^
the faid tangent dp x b"" + 2 bz- ; and the abfcifla

tCB (correfponding to the ordinate bd) is =-^x_ai az+ b"

a^-\-b^

Fig.
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Fig. 2. In the ellipfis aed, the lemi-tranfverfe axis

cdis=^?+^2; the femi-conjugate ca=<5; the abfciffa

= srid the ordinate be=^x -K
a ' a\

Fig. 3. In the elliplis aefd, the femi-tranfverfe axis

cd is -\,d" + + 7^

;

the femi-conjugate

the tangents ep, fq, intercepted by perpendiculars (cp, cq)

drawn thereto from the center c, each -a^x and
the abfciffa (c b' or cb'^) on cd,correfponding to the point

e or f, of the curve is determined by the expreflioii

+ + — Z + Z* +—z|

cd.

The quadrantal arc ad (fig. 2.) is denoted by E", and

the quadrantal arc ad (fig. 3.) is denoted by f. l the

limit of DP- AD (fig. I.) is = 2 F-E.

From what is now done, I might proceed to deduce

many other new theorems, for the computation of

fluents; but I fhall, at prefent, decline that bufinefs:

and, after giving a remarkable example of the ufe of

theorem 4. in computing the defcent of a heavy body

in a circular arc, conclude this paper with a few obfer-

vations relative to the contents of the preceding articles.

5, Let Ipqn (fig. 4.) be a femi-circle perpendicular

to the horizon, whofe higheft point is 1, loweft n, and

center m. Let ps, q t, parallel to the horizon, meet the

diameter Imn in s and t ;
and let the radius Im (or mn)

be denoted by r; the height ns by and the diftance

VoL. LXV. R r St by
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St by AT. Then, putting h for (i 6^ feet) the fpace a

heavy body, defcending freely from reft, falls through

in one fecond of time; and fuppofing a pendulum, or

other heavy body, defcending by its gravity from p, along

the arc p qn, to have arrived at q ;
the fluxion of the time

X I

of defcent will be = ^ - . The fluent
2 rd—

—

2. r—d.x—x h

whereof, or the time of defcent from p to q is (by

theor, 4. of the preceding article) = — xde-ef>
X 2 r—d

a (in that theorem) being taken b- 2 cb (fig.

2.) =^r xd-x"", and ep, fq, (fig. 3.) eachrifl^-ar.

Hence it appears, that the whole time of defcent from

ptonis =—^f=xE-F; when, in fig. 2. and 3. tlie
h\x% r—d

femi- axes are taken according to the values of a and b

juft now fpecified.

6. If p qn be a quadrant
;
that is, if be = r, the whole

time of defcent from p to n will be = ^ x e-f, by the

above theorem. Which time, by what I have fliewn in

the Philof. Tranfadt. for i77i,is = -^x 4E+jVE‘- 2<r,

c being ^ of the periphery of the circle whofe radius is r.

Confequently,-^ x e-f being found = ~ xyE+^V^"“
IjZ Ijz

we find from that equation f= Je-^\/e^- 2 where e is

the quadrantal arc of the ellipfis, whofe femi-tranfverfe

and femi-conjugate axes are 2rl and and f the qua-

2 drantal
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drantal arc of another elliphs, wliofe femi-tranfverfe and

femi-conjugate axes are^p+^rJ and^ -fn

Before Mr. maclaurin publifhed his excellent Trea-

tife of Fluxions, fome very eminent mathematicians ima-

gined, that the elajlic curve could not be conftru61:ed by
the quadrature or re61;ification of the conic fedli'ons. But

that gentleman has fliewn, in that treatife, that the faid

curve may in every cafe be conftru6ted by the redtifica-

tion of the hyperbola and elliplis
;
and he has obferved,

that, by the fame means, we may conftru6l the curve

along which, if a heavy body moved, it would recede

equally in equal times from a given point. Which lafl;

mentioned curve Mr. james Bernoulli conftru6led by

the re6lification of the elaftic curve, and Mr. leibnitz

and Mr. john Bernoulli by the rectification of a geo-

metrical curve of a higher kind than the conic feCtions.

It is obfervable, that Mr. maclaurin’s method of con-

ftruCtion juft now adverted to, though very elegant, is

not without a defeCt. The difference between the hy-

perbolic arc and its tangent being necefiTary to be taken,

the method alw'ays fails when fome principal point in

the figure is to be determined
;
the faid arc and its tan-

gent then both becoming infinite, though their differ-

ence be at the fame time finite. The contents of this

paper, properly applied, will evince, that both the elajlic

curve and the curve of equable recefs from a given point

(with many others) may be conftruCted by the rectifica-

tion of the ellipfis only, without failure in any point

R r 2 XXVII. AJiro-
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XXVII. Obfervatlons made at Chiflehurfl:, in Kent, in the

Tear 1774 . By the Rev. Francis Wollafton, LL.B.

F.R.S.

Rcdcle, Mar. i6,T
yAVING now complcated my originaf

775* J71 cledgn, and kept my clock going for a

third year, without the lealf touch of the oil, or any al-

teration whatfoever, I prefume the refill t of my obfer-

vations to afcertam the rate of its going, may not be an

unacceptable addition to the former papers on that fub-

je6l, delivered to this Society. The regular difference

between the fummer and winter months, and fome degree

of fimilarity between thofe differences, feems to fhew

a regularity in the caufe. What that may be, is not

fully to be afcertained hereby ; though it feems to have

been difference of moifture, rather than of heat. By
comparing thefe three laff years with that which I firfl

gave, when the clock was in fbme degree foul, it feems

as if it were moft affedred when the work is^ clean. Yet

is not that quite certain
;
for the differences, which de-

creafing gradually in the following table, would juftify

this conclufion, it may be obferved, increafe again in

the lafl inftance.

Tha



t 291 ]

per'Dzf' BifF,.

The firft greateft lofs was

The next greateft gain

The next greateft lofs

Dec. 1770 or — 1,9

June 1771 +2,4
G61. 1771 - 1)9

4)3

4)3

Feb. 1772 or — 0,86

The clock was cleaned November 1771, and might

not be reckoned to get to any ftated rate till the begin-

ning of the next year ; after whichj
DifF.

//

8569

7,92,

6,26*

5)8/

4)

65

5

)

8 5

+ 7)83
— 0,09

+ 6,17

+ 0,30

+ 4)95

-0,90

The firft greateft lofs was

The next greateft gain. July 1772
The next greateft lols Ja-n. 1773
The next greateft gain Aug. 1773
The next leaft gain Feb. 1774
The next greateft gain Aug. 1774
The next ereateft lofs to 1

, 1 r ^Dec. 1774
the end or that year, J

Hereby July and Auguft appear to be the months for

greateft acceleration, and January and February for re-

tardation; contrary to the affe6lion of metalline rods,
,

but agreeable to the efte6l to be expe6ted from moifture-

upon wood. Yet this difference is not fo great in any

degree, nor (what is more material to obfervation) by

any means fo fudden in its changes, as what is occa-

fioned by heat upon metals. And even this, perhaps,

might be obviated by a. ftrong coat of varnifli on the -

rod, or fome preparation of the wood itfelf. . One
thing it may be proper to mention, as an accidentaf ex-

perience I have had the laft year ;
that a clock fo fixed^^

witlii
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witli a pendulum of fo fimple conftniiSlion, is not eafily

affedte'd by any tremulous motion of the building to

which it is faftened. In the months of IMarch, April, and

part of May, 1 had occahon to make alterations in the

top of my houfe, in order to gain more rooms m it;

and notwithftanding the great jarring heceffarily confe-

quent upon taking off the old rafters, and laying on a

new leaded roof, and new joiifs and floor over the obfer-

vatory itfelf, the clock feems not to have been difor-

dered at all by it. Between February 7 th and 20th

there will appear an error in the calculation of gain, to

any one who fliall take the trouble to examine it : not

that I believe there is really any error in it; but by an

accident in winding the clock (not having put down the

fpring fufficiently, which is intended to keep on the mo-

tion of the wheels,) there were 6"
loft, as appeared by

the afliftant clock, which had been fet with it Juft before.

Thefe 6" being allowed for, will reduce the lofs of

n Si

2,1 to a gain of 3,9 in that interval of thirteen days,

it ti n

-2,i+ 6 = + 3,9. In the months of February, March,

and April, I was frequently from home
;
fo that the ftate

of the thermometer and barometer, if I were to fet them

down, would be very imperfeeft. In the other months

they are more compleat
;
yet there may, perhaps, in my

abfence, have been fome days in them either higher or

lower than what are here given.

1773 -
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1773 -

Dec.

1774-

Jan.

Feb.

# / /

27 Clock 4- 32 19,7

3

7

13

20

Clock + too

— too flow,

for mean fol. time.

Numb.
of

Days.

xMar. 12

20

April 2

May I

26

June 8

22

July I

Auguft I

^9

Sept. 0
0

12

Oft.- 0
0

15

29

Nov. 12

Dec. 5

13

24
’ 775 -

Jan..

+ 32 26,9

+ 32 41,7

Lofs in winding 6''

+ 32 39 ’^

+ 32 45^6

+ 32 48,0

+ 32 53.1

+ 33 45.

1

+ 34 55.2

+ 35 40,6

+ 36 30.5

+ 37 7.8

+ 39 22,5

+ 40 49.4

+ 42 3.7

+ 42 37.0

+ 43 45.3

+ 44 9.2

+ 44 37.9

+ 45 7.7

+ 45 27,1

+ 45 25,4

+ 45 18,5

+ 45 ^1.3

7

35

13

20

8

13

29

25

13

H
9

31

i8

15

9

21

12

14

14

23

8

1

1

8

Gain +
or

Lofs —

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
4"

4-

+

Rate

per

Dav.

//

7.2 + 1.03

14.8 4- 0,42

3.9 + 0.30

6,0 + 0,30

2,4 + 0,30

5.1 + 0.39

52.0 + 1.79

70,1 4- 2,80

45.4 + 3.49

49 t9 + 3.57

0^ 0
o 7 ?o 4- 4.14

^ 34.7 + 4.34

86,9 + 4.83

74.3 + 4.95

00 0 + 4.70

68,3 + 3.25

23.9 + L99

28,7 + 2,05

29,8 4- 2,1

1

19.4 4- 0,84

I ;7
— 0,21

6,9 — 0,63

7.2 — 0,90

Throwing out

South fide. North fide.

0 /

3

0 y

I 25
2

I 28

I 27
0

I 29

1 35
9

I 38

3
I 28 I 31

7

^ 40 I 43

?

* I 40.

3
I 36 I 40

7

^ 40 1 43

I 3S I 42

^ I 36 I 40

I 37 I 40

I 32 I 35

I 35 I 38

J 35 I 38

^ 33 1 36

I 30 I 33

I 30 ^ 33

I 20 I 23

T7-74
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Thermometer without

doors expofed to the

North.

Therm,
j

near the 1

clock.

Barometer

on the

ground floor.

Hy groin,

near the

clock.

1774.

rHis^heft

Hor. 8

A. M
48

Hor. 2.

P. M.

50

Hor. 1 1

.

P. M.

48

Hor. 9.

A. M.

47 29,85 70

Jan.
.

Lowefl 23^5 29 23 31 28,67 34

May
j

’ Higheft 60 67 53 57 29,98 23

. Loweft 45 45>5 40 47 29,10 10

June
1

Higlieft 70 74 60 65 30,” 20

i- Loweft 51 55 47 51 29,24 9

July .

' Hlgheft 72 82 60 65 30,14 19

L Loweft 57 57 50 53 29,52 7

Ausufl <
f
Higheft 70 76 63 65 30,12 34

. Loweft 57 61 50 S3 29,32 S

Sept.
,

r His;fteft 70 72 60 63 30,06 32

^
Loweft 49 51 46 SI 29,915 II

oa.
' Higheft 56 64 54 S5 30,37 27

L Loweft 39 45 39 44 29,23 13

Nov.
f Higheft 54 59 51 49 30,06 42

[ Loweft 3L5 33 31 34 29,02 20

Dec.
r Higheft 5° 53 51 4S 30,54 70

t.
Loweft 21 3°^5 25 30 28,95 27

Accidents of weather and various avocations have

prevented me from making any other obfervations in

the courfe of the laft year; excepting the fecond difap-

pearance of Saturn’s ring, and re-appearance of it again,

both of which I was fortunate enough to obferve. I had

feen the ringmany times after its firft Te-appearance ;
and

obferved it m be leffening again, till it was become but

a mere
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a mere thread of light, Monday, April 4, though cer-

tainly vhible then. Tuefday, April 5, the evening

was very clear, yet no ring could I perceive with my
feet achronj^^tic telefcope ;

nor from , that time did I

fee any thing of it (but, during part of the interval, the

appearance of a dark belt acrofs the planet,) till Thurf-

day, June 30, w'hen I thought I faw the preceding anfa..

Saturday, July 2, I am fare I faw the whole ring again,

as a thread of light
;
and as the preceding anfa^ or end

of that thread, appeared larger than the fubfequent one,

it probably was vhible, and not only a deception, when I

fancied I perceived it before. In thefe obferVations it de-'

ferves to be remarked, that the magnifymg power of

100 feemed, from its brightnefs, to fhew the thread of

the ring more vhibly than 150.

Chiftehnrfi:;

J;yui775,. FRANCIS WOLLASTON.

S.f XXVIII. 0/VoL. LXV.
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XXVIII. of triangles defcribed in Circles and about tbem^

By John Steelman, M. D.

Rcdde, March 23, 1775.

PROPOSITION I.

An equilateral triangle inferibed within a circle ii lat'ger

than any other triangle that can be inferibed within the

fame circle,

Let ABC (tab. VIII. fig. I.) be an equilateral trian-

gle, inferibed in the circle adcb; and let ad

e

be a

triangle fuppofed larger than abc. Let ade be di*awn

with one of its angles at the fame point with one of the

angles of the equilateral triangle, fuppofe at a, and then

its other two angles will fall either on the fegments adb

and aEC, or one of the angles will on the fegment ^Ci

Firfi, let one of its angles fall at D, between A and b ; and

the other at e, between a and c, and draw the line be.

- Tn the triangles abc, abe, the triangle abf is common,
and the two remaining triangles bfc, afe, are fimilar;

for the angle afe is equal to its oppofite angle bfc; and

the two angles eac, ebc, are eqilal, being fubtended by

the fame fegment ec, and fo the two remaining angles

aef,
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AEt, BCF, muft be equal; wherefore the lides are pro-

portional, and BC and ae, fubtending equal angles muft

be homologous; but bc is equal to ac, which is greater

thaiiAE; confeqviently the triangle bfc is greater than

AFE, and fo the equilateral triangle abc is greater than

the triangle abe. In the fame manner, the triangle

ABE may be proved greater than ade;. for ahe is com-

mon, and the two Mangles adh,‘bhe, are ITmilar, and

their lides proportional; and ad and be, fubtending

equal angles, muft bd homologous;* but be is greater

than BC, which is equal to ab,. and that again greater

than AD confequently be is greater than ad, and the

whole triangle aeb greater than aed ;
and fo the equi-?

lateral triangle muft, a fortiori^ be greater, thhi. aed-^

. hfext, let the triangle ade be fuppoftd greater than

the equilateral triangle abc, and let the angle ade fall

fomewhere in the fegment bdc, (fee fig. 2.) fo that the

fegment ec may be greater than bd ;, for if it were not,

the angle aed being applied to any of the angles of the

equilateral triangle, the demonftrationwould become the

fame as in the firft cafe: wherefore the fegments aeg,

BDC,. being equal, and bd being lefs tlian ec, ae muft be

left than dc. Draw the right line dc, and then in the

two triangles adc,. ade, the triangle afd is common,
and the two. triangles afe, dfc, are equiangular and
fimilar, and the fides ae, dc, fubtending equal angles,

are homologous
; but dc is greater than ae

;
fo the trian-

gle. DFC is greater than the triangle afe, and the whole

S f 2 triangleO
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triangle adc is greater than ade; but ‘the equilateral

triangle may be proved greater than adc from the hrft

cafcj and confequently greater than ade. D.

p R o P o s I T I o N II.

equilateral triangle deferibed about a circle is befs than

any other triangle that can be deferibed about thefame
circle. Fig. 3.

LET the equilateral triangle aec be deferibed about

the circle niK, and let the triangle bdg be fuj^pofed lefs

than the equilateral triangle. Draw the line af parallel

to Bc, then the triangles afe, egc, are fimilar
; for the

oppofite angles aef, gec, are equal, as likewife the angle

afe to the angle egc
;
the lines af and gc being pai'allel,

and falling upon the fame line fg, the angles afe and

EGC are therefore equal, and the tides ae, ec, fubtending

equal angles, ai'e homologous
;
but the tide of the equi-

lateral triangle ac being equally divided at i, the line

ae is greater than ec, and confequently the triangle afe

is larger than the triangle egc; and the triangle dae
riiuch larger than egc: therefore, in the triangles dbg
and ABC the part abge being common the whole trian-

gle dbg is larger than the equilateral triangle. £, D.

Whatever other triangles can be deferibed about a cir-

cle, may be demonflrated to be larger than an equilateral

triangle deferibed about the fame circle, vq^on the fame

principles as the preceding.

p R o p c-

I
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PROPOSITION III.

fhefquare of thefide of an equilateral triangle inferibeddn

a circle is equal to a reSiangle under 'the >diameter of the

circle^ and a perpendicular let fallfrom -anyangle -of the

triangle upon the oppGfitefide> Fig, 4. ,

THE Jtwo triangles adc, aec, are .equi-angular and

fimilar, the angles acd,, A.Ec,,'heing both right, and that

at A common; therefore ad : ac ac : ae, and ac^ ==

AD X AE.

The fquare of one lide of the triangle being com-
pleated fo as to include the triangle, 1 fay, that part

of the tide of the fquare that falls within the circle

is equal to the radius
;
and the other part, lying with-

out the circle, is equal to the radius minus twice the

portion lying between the lide of the fquare, and the

circumference of the circle
; or is equal to that part of

the radius that lies between the centre and the lide of

the fquare minus the remainder of the radius
;
that is cl

(a) And univerfally, a perpendicular being drawn from any angle of a right-

lined triangle to the oppofite fide, the reftangle under the two fides which contain

that angle, is equal to the reftangle under the perpendicular and the diameter of

the circumferibed circle. (See tab. viii. fig. 5.)

From A, one angle of the triangle bac, draw ae perpendicular to the fide

BC. Round the triangle bac deferibe a circle, and draw the diameter ad. I fay,

the reftangles ac x ab, ae x ad, are equal. Join db. The angle dea is a

right angle. Therefore it is equal to the right angle cea. The angles at the

circumference ace, adb, are equal, becaufe they ftand upon the fame arc ab.

Therefore the two triangles ace, adb, are fimilar, and ac : AE ~ ad : ab.

Xfierefore ac x ab:=; ae X ad, Z>» s, HOASLEy,

IS
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is equal to the radius, and li=kg—2Mg; or li=km-mg.
FG being parallel to bc, and confequently perpendicular

to ic, muft divide the chord lc in two equal parts; fo

that MC being equal to ke, lc muft be equal to 2KE ; but

KE (by EUCL. 1. XIII. pr. 12 . cor. 2 . Clav.) is equal to

ED ; therefore lc = kd the radius. The fide of the

fquare ic being equal to bc is likewife equal to nm ;
but

LC being equal to kg, the remaining part li muft be

equal to NK— mg; or to KM— MG. ^E,D,

XXVIII.
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XXIX. De Polygonis Area vel Perhnetro maximis et mini-

miSy infcriptis CirculOy vel Circulum clrcumjcribentibus,

Au5iore S. Horfley, LL,D. R* S, See,

L- Hedde, M^y 19, 1775.

THEOREMA I. (TAB. IX.)

Si lima reBa arcum circularem contingentibus duabus

terceptum contingaty fegmentum ejuSy contingentibus

primo pojitis interceptuniy in contaBus fui punBo vd
aqualiter vel inaqualiter divi/wH ejly prout arcus ipfe

circularis aqualiter vel inaqualiter in eodem punBo di-

vifus ejl» Segmentaque arcus (in(2qualiterfcilicet diviji

)

et reBa contingentis jnajorU et minora ab iifdem Junt

partibus mutui contaBus,

AR G UM circularem aec, Contingentibus duabus, aB,

CD, interceptum, re6la bd in pundto e contingat.

Redla vero bd contingentil/us primo poiitis, ab, cd, in

punAis b, d, occurrat. Dico re^am bd in pun£lo e vel

sequaliter vel insequaliter divifam, pr6ut arcus aec se-

qualiter vel insequaliter in eodem punc^o e divifus eR.

Primo puta arcum ac in pundto e aequaliter divilum.

Dico igitur et re61am bd, in pun6lo e, bifariam fecari,

Girculi aec centrum efto E. Jungantur ee, fb, fd, qua-

rum
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rum FB, FD, circuli peripherias in pun6tis g, h, occurrant.

RecftaeFB, fd arcus ae, ce bifariam dividunt. Arcus igi-

tur GE, HE, arcuum ae, ce femiiTes. ^quales igitur

GE, EH, propter ae, ec, ex hypotheli, aequales. Quare

anguli BFE, DFE aequales., ^quales autein anguli bef,

def : redtus enim uterque. In triangUlis igitur bfe, dfe,

qUae latus commune habent ef, duo anguli bef, bfe,

diiobus DEF, DFE, finguU fingulis aequales. Reliqua igi-

tur reliquis aequalia (per El. i. 26.). Quare be = ed.

Jam vero puta arcum ac insequaliter in e divifum,

et fegmentorum ae, CE,.majus elTq ae, ce minus, (fig. 2.)

Dico redlam.BD inaequaliter.in pundlo e divifam, fegmen-

tumque BE ,majus effe, de minus. Jungantur enim ut

prius FB, FE, FD, quarum FB, fd peripheriae in pundlis

G, H, occurrant. Redlae ,fb, fd, arcus ae, ce, bifariam

dividunt. Arcus igi.tur ge, he, arcuum ae, ce, femifles.

Cum igitur arcus ae, arcu ce major fit, arcus ge arcu he

major erit. Angulus igitur bfe angulo dfe major. Fiat

angulus EFK angulo dfe aequalis. Quoniam angulus kfe

angulo DFE aequalis eft,nec pon angulus re6tus KEF,re61o

DEF aequalis; in triangulis efk, efd, quae latus ef com-„

mune' habent, anguli duo kfe, kef, duobus dfe,. def,
‘

fingiili fingulis aequales. Reliqua igitur reliquis aequa-

lia. Latera igitur ek, ed, aequalia. Propter angulum
vero EFK angulo efb minorem,pun6tum k pundlis, b, e, .

necefTario interjacet. Redla igitur be, recSa ke major.

Major itaque quam ED. D.

T H £ o R E M A.
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THEOREMA II.

Ltnea reBa quce, arcum circularem contingentibus duabus

interceptum in punBo medio contingit, et contingenti-

bus primo pofitis bine inde occurrit^ minima eft onmhmi
qude^ eundem arcum contingentes^ contingentibus prime

pofitis intercipiuntur,

ARCUM circularem bed, contingentibus duabusAB,

CD, interceptum re6ta ac in pun6to e contingat, et con-

tingentibus primo pofitis ab, cd, in pun<Stis a, c, occur-

rat. Pundlum e arcus bed medium efto. Dico re6tam

AC omnium minimam, quse, arcum bed contingentes,

contingentibus ab, cd, intercipiuntur. Sumatur enim

in arcu bed pundlum quodlibet f, et ducatur recSla gh.

qu3e circulum in f contingat. Re6la vero gh contin-

gentibus AB, CD, in pundtis g, h, occurrat. Dico re6tam

AC re6la gh minorem. Si parallelae fint contingentes

AB, CD (fig. I.) res manifefta eft: parallelas enim ab, cd,

re6la gh oblique fecat, re6la autem ac normaliter. Redlae

yero ab, cd, non fint parallelas. (fig. 2. et 3.) Si re61a ag
non fit minor quam gh, aut aequalis erit, aut major. Sit

primo aequalis. Arcus autem bd, inaequaliter in f divifi,

fegmentum majus efto bf. Redtae igitur gh, inaequaliter

in f divifae, fegmentum gf majus erit (per i. hujus).

Re6tae ba, dc, produdtae occurrent; occurfus efto k:

redtarum vero gh, ac, occurfus efto l. junefta bd, per

H ducatur hm re6lis bd, ac, parallela: et per g ducatur

GN rediae dk parallela, quae redlae ac in n occurrat.

VoL. LXV. T t R^aae
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P,e6la8 GF, GBj quae circulum in pun6lis b, f, contingentes

in pun6to g conveniunt, aequales funt. Pari ratione ae,

ABj ^quales. Re6ta igitnr gf dttabns ae, AG, liimil

fumptis seqiialis eft. Riirfllm revise hf, hd', quee circu-

lum in pundtis F, D, contingentes in pun6to h conve-

niunt, oequales funt. Pari ratione CD, ge, aequales. Redta

igitur CD, vcl CE, duabus fh, hc, limul fumptis aequalis.

Tres igitur gf, fh, hc, limul fumptae, tribus ag, ae, ec,

fimul fumptis icquales
;
id eft, duae GH, hc, fimul fumptae

duabus AG, AC, limul fumptis. Pve^tae autem GR, ac, ex

hypothefi, aequales. Ablatis igitur gh, ac, aequalibuS, re-

linquuntur hc, ag, oequales. Propter redtas autem Ac,

MH, BD, paralleJas, ettriangulum bkd ifofceles, aequales

funt CH, AM
:
quare ag, am, aequales. Propter parallelas,

aiitera al, mh, redtae gm, gh, in pundtis a, l, limiliter di-

vide font : bifariam autem g:m in a : quare et gh bifariairr

in L : et propter gn, cd, parallelas, cn bifariam in l. Cum
CL igitur femiffis lit redtae cn, et ce femilTis redtae ca, erit

EL redtae an femiliis, live an redtae el dupla. Redta au-‘

tem GH aequaliter in l divifa, cum ejufdfem redtae, in-'

aequaliter in f divifae, fegmentum gf itiajus elt (per i . liu-

jus), redta GF, redtis hf et duplae fl limul fumptis aeqtta-'

lis elt. Redtae autem gf redta gB aequalis. Quare gb, five •

duae gm, mb, limul fumptae, duabus, Hf et duplae fl, limul;

fumptis, five duabus, hd et duplae fl, fimul fumptis,;

aequaiesl Et ablatis bine inde MB, Hbj aeqtialibuS, re-'*

linquetur gm aequalis dupl^ fl, id eft duplae eL, id eft,

ex prius oftenlis, redtae an. Propter aequales aUtem ga,'

AM, redta GM redtae ga dupla eft t et propter parallelas gN,

KC
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KC, triangula akc, agn limilia: latem autem ka^ kc

sequalia : aequalia igitur ga, gn. Duae igitur ga, gn,

liimil fumptae, duplae ga aequales funt; id eftj re6l^ gm.

Redtae autem gm, an oRenfas funt aequales. Du^e igitur

GA, GN, flmul fumptae, redtas an aequales funt: duo

nempe triangaili latera Rmul fumpta aequalia reliquo.

Quod eft abfurdum. Non funt igitur ac, gh, aequales,

Dico neque majorem, efte ac quam gh. Efto eniin

major ac, ftquidem efte poteft. Duse gh, hc ftinul

fumptae duabus ag, ac ftmul fumptis, ut prius, aequales

funt. Gum igit\ir ac major fit quam gh, erit ag minor

quam hc. ^quales autem hc, am, ut prius. Ergo, ag
minor erit qiiani am; ac proinde, propter redtarum gm,gh,

NC, fimilem in pundtis a, l, divifionem, gl minor quam
LH, et NL minor quam lc. Gum igitur ce femiflis eft

redtae cAj et cl major quam femiflis redlae cn, erit el

minor quam femiftis redtae an : five an dupla el ma-
jor. Porro cum redtae gh inaequaliter in l divifae, feg-

mentum gl, ex oftenfis, minus eft, ejufdem autem redt^

inaequaliter in f divifae fegmeiitum gf majus, (per i, hu-

jus) duae, fh et dupla fl, ftmul fumptae redta gf majores

funt, five aequali gb, five duabus gm, mb ftmul fumptis.

Et aequalibus fh, mb bine inde ablatis, relinquetur du-

pla FL redta gm major. ^Equates autem lf, le, Quare

dupla EL redta gm major: et an,, quae dupla el jani

oftenfa eft major, redta gm multo major erit. Propter

GA minorem vero quam am, redta gm dupla ag majdr.
' ^quales autem ut prius ga, gn. Dupl'a igitur ga, clii’a-

bus ga, gn ftmul fumptis aequalis.efc, Redta. igitur gm,

T t 2 duabus
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duabvis GA, GN fimul fumptis major. Et proinde re6la

AN, quse oftenfa eft major qurm gm, diiabus ga, gn,

fimul fumptis multo major. Trianguli igitur agn latus

AN duobus reliquis fimul fumptis majus. Quod eft abfur-

dum. Re<fta igitur ac redta gh major non eft. Sed nec

gequalis. Minor igitur. Simili ratione et alia omni mi-

nor, quae arcumBD contingens contingentibus primo po-

litis AB, CD intercepta eft. Omnium igitur minima.

Z).

THEOREMA III.

Folygonoru7n o?nnium^ lateribus numero datis^ datum circur-

ium circutnjcribentiu7n^ cequiangulum perimetro mini-

mum ejt.

G I R C ULUM ABCD circumfcriptum puta polygono,,

quot volueris laterum, fghke, quod omnium quae, aequali

laterum numero, circa eundem circulum circumfcribi

poffunt, perimetrum minimam habeat. Dico polygonum

FGHKE aequiangulumefle. Nam fi aequiangulum non fit,

neceffe eft ut duos aliquos angulos proximos inaequales

habeat: nam fi nullos proximos, omnino nullos; fed

aequiangulum erit. Sunto igitur inaequales proximi duo

anguli GFE, KEF; Latera vero gf, ke, quae cum inter-

medio fe angulos ilibs complexa funt, circulum in a, d

pun6tis contingant : et latus intermedium fe eundem in

L contingat. Circuli centrum efto o. Jungantur oa,

OL, OD. Anguli AFL, AOL fimul fumpti duobus redhs

aequales funt, propter angulos ad a, l redlos. Similiter

anguli
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anguli DELjDOL fimulfumpti duobus re(5tis aequales; prop^

ter angulos ad d et l re(5tos^. Duo igitur afl, aol, fimui

fumpti, duobus del, dol fimui fumptis sequales. Inse-

qualibus igitur afl, del hinc inde ablatis, relinquuntur

AOL, DOL iiL3equales. Arcus igitur al, ld insequales. Bi-

fariam igitur fecetur arcus ald in m puncSto, quod necef-

fario a pun6lo l diverfum erit* Per m ducatur redla quae

arcum ad contingat. Contingens per m contingentibus

AF, de in punftis n, p, occurrat. Re(5la np redta fe minor

erit (per praec). Quare et dupla redae np dupla redae fe

minor. Sed propter nm-na et pm-pd, tres re61:3e an,

DP, pn, fimui fumptae, duplae re(5tae np aequales funt.

Et propter fa = fl, et de = el, tres af, de, fe, fimui

fumptae, duplae redtae fe aequales funt. Tres igitur

an, dp, pn fimui fumptae tribus af, de, fe, fimui

fumptis minores. Polygonum autem nghkp, circulum

abcd circumfcribit, et latera numero totidem habet

ac polygonum fghke; quod omnium quae aequali

laterum numero, circulum abcd circumfcribunt, peri-

metro, ex hypothefi,. minimum eft. Perimeter igituf

fghkef perimetro nghkpn minor. Utrique auferatur

pars communis aghkd ; relinquentur af, de, fe, reliquis

an, dp, pn, fimui fumptae fimui fumptis, minores. Aft

majores jam oftenfae funt. Simul igitur majores et mi-

nores. Quod eft abfurdum. Non funt igitur anguli

gfe, kef, inxquales, exiftente perimetro fghkef mi-

nima. Similiter oflendetur, nec alios duos quofvis an-

gulos proximos polygonum fghke inaequales habere.

tur
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j^ullos igitur proximos inaequales habet. Omnino i^i-

tur nullos. Omnes igitur ^quales. ^quiangulurn igi-

tur. E> D,

T H E O R E M A IV.

folygonorum omnium^ lateribus numero datis, datutn cir^

ciilum clrcumfcribentiujn^ c^quiangulmn area 7Jiinimum

eji-

PATET ex praecedente, cum area aequalis eft rec-

angulo fub femiperimetro et circuli infcripti femidia-

metro.

THEOREMAV.
Polygonormn omnium^ lateribus numero datis, dato cir-

culo infcriptorum, aquUaterum perimetro maximum eji,
'

CIRGULO ABCD infcriptum puta polygomim abcde,

quot volueris laterum, quod omnium, quae, aequali late-

rum numero, eidem circulo infcribipoffiint,perimetrum

maximam habeat. Dico polygonum abcde aequilate-

rum. Nonenim. Duo igitur prqxima qu^dam latera in-

sequalia habet : nam R nulla proxima, omnino nulla ;
fed

aequilaterum erit; quod negafli. Inaequalia funto latefa

proxima ab, ae. Propter re6tas ab, ae inaequales, arcus

AB, AE inaequales erunt. Bifariam igitur fecetur arcus
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BAE in pundo g, quod a pundlo a diverfum erit. Juii-

gantur bg, eg. .Girculi' centrum e.fto e.-: jundla gf pe-

ripheriae iterum in h occurrat. Denique jungantur

BE, HA. Arcubus GB, GE ^qualibUs, fernicirculiB gb'h^

geh, ab)latis, relinquuntur ^quales BH, eh. Quare et an-

guli bgh, egh, nee non bah, eah, seqnales. Angulos

igitur BGE, BAE, qui in eoderii furi^ fegibento eifcularij

redtae gh, ah, bifariam dividunt.. Duae igitur gb, Ge^

limul fumptae ad redtam gh eandem proportionem ha-

bent, ac duae ba, ae, limul fumptae, ad redlam ah. (Fide.

Demonftrationem prop. 94. Datorum euclidis) In

circulo autem abcd, diameter gh, redla ah, major

eft. Duae igitur gb, ge, ftmul fumptae, duabus ab, ae,,

ftmul fumptis, majores (per xiv. 5. Elem.).^ Polygo-

num autem gbcde circulo abcd inferiptum eft, et la-

tera numero totidem habet ac polygonum abcde;;

quod onmium quae, aequali laterum numero, circulo

ABODE inferibi poflunt, perimetro, ex hypothefi, maxi-

mum eft. Perimeter igitur abcdea perimetro gbcdeg
major. Utrique auferatur pars communis bcde. Relin-

quuiitur AB, ae, reliquis gb, ge, ftmul fumptae ftmul

fumptis, majores. Duae autem gb, ge, duabus ab, ae,,

oftenfae funt majores. Simul igitur majores et minores.,

Quod eft abfurdum. Non funt igitur latera ab, ae, inae-

qualia. Simili modo oftendetur, de aliis quibuflibet po-

lygoni lateribus proximis, in^qualia non elTe, exiftente

perimetro maxima. Nulla igitur proxima inaequalia,.

Qmnino igitur nulla. Omnia igitur aequalia. ^ £. D..

THEOREMAo.
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THEOREMA VI.

Polygonorum omnium^ lateribus numero datis, data circuh

infcriptorum^ aquilaterum area maximum eji,

Demonftrationem vide apud thomam simpson in li-

bello fuo de Figuris Geometricis maximis et minimis.

XXX. An



t 2 .

B
K

D A

B

K

K

( e/o-





[ 3II ]

XXX. An Account of an extraordinary acephalous Birth,

By W. Cooper, M, D. in a Letter to William Hunter,
M. D. F, R. S.

Redde, April 27,

1775 -

DEAR SIR,

TAKE the liberty to remit you an ac-
count of the delivery of a very curious

acephalous moniler, accompanied with a fhort defcrip-
tion of its anatomical ftru^lure. If, after a perufal of it,

you Ihould apprehend it may be acceptable to the Royal
Society, I beg that you will do me the honour to lay it

before them.

Mrs. BRACKETT, of Clerkenwell Clofe, aged twenty-
three years, was, at the end of her firft pregnancy, by
a natural labour, delivered of a perfed: female child,
on Friday the 8th of October, 1773, at feven o’clock in
the morning. The attending midwife, Mrs. ay res, foon
perceived by the abdominal tumour that there was ano-
ther child. After waiting about three hours, a flooding
came on

; but without pain, or any advancement of the
fecond delivery . The hemorrhage producing faintnefs,
debility, and danger, the attendants and midwife were
alarmed, and I was fent for. When I came, I found
her in the fituation above defcribed; and therefore

VoL. LXV. U n thought
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thought it my duty to accomplifh the remaining part of

the labour, as foon as I could, confiftently with the fafety

of the mother. Upon all occafions, when the con-

comitant circumftances render it neceffary to turn a child

in utero, it is of the utmoft confequence, to underhand,

as nearly as we can, its general lituation, in order to de-

liver with the greater eafe, fafety, and expedition. And
to an experienced accoucheur, if the breech, knees, or

feet, CIO not immediately prefent themfelves, the head

and face of the child will, in moft cafes, be a fufiicient

index to the polition of the other parts of its body. This

circumftance arifes from the/^^/^/r commonl-y coiling it-

felf up into an oblong, oval, fnug, compact figure, with

its knees towards its chin, in order to take up as little

room as pofiible, by being adapted to the cavity of the

uterus. In the prefent cafe, when the patient was

placed in a proper fituation, having introduced my hand

as gently as pofiible through the vagina, cervix uteri, and

inveloping membranes, and no part of the inferior ex-

tremities, or breech, prefenting itfelf, I examined care-

fully for the head of the child, as ufual, but without

fuccefs. Thisdifappointment fomewhat embarraffed me.

But as the woman’s fituation was become very ferious by

the increafing uterine haemorrhage, I attempted without

delay to get at the feet. T eafily fecured one of them;

but though I made ufe of very little force in bringing it

towards the os externum, the ftrudture was fo very tender

that the tibia began to give way at its fuperior epiphyjis.

On this account I was reduced to the difagreeable necef-

a fity
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fity of again introducing my hand into the uterus
; and

as one leg had thus unexpectedly failed me, I thought it

extremely futile to attempt any thing with the other.

The moft eligible refource which I apprehended I had

now left, was to fix a blunt hook upon one groin, and,

when it was brought low enough, to affift gently at the

other, with the two fore-fingers of my right hand. By

thefe means I happily accomplifhed the delivery of the

foetus, which proved to be avery fingular kind

of monfler. And as the late ingenious Mr. hewson in-

jected its blood vefTels, and difTeCled it, I am enabled to

attempt a fhort anatomical defcription of it, for the fatif-

faction of the curious in philofophy and phyfiology*

This extraordinary animal production is of the fize

and appearance of a common twin child at its full time,

excepting the particularities now to be pointed out.

When firft born it was Very plump, but foft and flabby,

and the bones remarkably fmall and tender* It has nei-

ther head, neck, hands, or arms. In the place where the

neck Ihould originate, is a little mamilla, fomewhat

larger than a woman’s nipple, but quite foft. And on
each fide, in the place where the arm fhould begin, there

is a papilla, about the bignefs, and very much like

the extremity, of a common quill. The fpine feems per-

fect, but ends abruptly at the upper vertebrae colli. Be-

low the navel the parts are nearly intire, except the feet,

where the toes are of an irregular form and fize, and
fome of them united together. The external parts of

generation, which indicate it a female, are alfo perfeCl.

U u 2 Upon
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Upon a careful infpedlion internally, there is evidently

no brain nor fpinal marrow. A few nerves, however,

are fcattered about the abdomen^ but their origin, for

fear of deftroying the preparation, is not traced. The
uterus is perfect; but only one ovarium could be found.

There is alfo the appearance of a bladder; but it is fo

contrafted as to have no cavity. A large inteftine

arifes from the anus
;

is a good deal convoluted when it

gets above the brim of the pelvis^ and ends in a blind

pouch or cul defac^ on the left lide of the abdomen. This

vifcus appears to be about fix or feven inches in length,

varies its fize in different parts, gradually becomes fmal-

ler towards its fuperior extremity, and feems fully dif-

tended with a colouiiefs mucus (“). All above the na-

vel is extremely defedtive. There is no heart, lungs,

diaphragm, ftomach, liver, kidnies, fpleen, pancreaSy nor

fmall inteftines. However, there are three fmall glands

in the place of the thymuSy whofe fubftance, when exa-

mined with a microfcope, Mr. hewson remarked, exadlly

refembled that of the thymus itfelff And on each fide of

the vena cavuy juft under the navel, are two little glan-

dular fubftances, which feem to be fomewhat like eap^

fidce renaleSy only very fmall to what are commonly

(a) Does not this circumftance almoft amount to a proof, that the meconiuniy

uni'verfally found in the bowels of new-born children, is nothing more than the

mucus naturally fecreted by the inteftinal glands, mixed with bile, and perhaps a

fmall portion of the pancreatic juice ? In the prefent inftancey as there is no liver

there could be no bile, and confecjuently the meconiumy if I may fo call it, is

colourlefs.

found
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foundry;. There is a large artery running upon the

fpine, which maybe called the aorta. As this approaches

the upper extremity of the little animal, it is divided

into fmaller and fmaller branches
;
and in its courfe it

diftributes lateral ones alfo to the contiguous parts of the

trunk. Below the navel it fends off two branches tha.t

conftitute the umbilical arteries, one of which is confi-

derably larger than the other. And then below thefe,

two other branches defcend to the inferior extremities^

A large umbilical vein comes in at the navel, and is im-

mediately divided into two conliderable branches
;
one

afcending, the other defcending. Each of thefe is again

fub-divided into fmaller and fmaller branches, which,

as theypafs upwards and downwards, feem to correfpond

with the different ramifications of the afcending and de-

fcending aorta. funis umbilicalis w^as only about

two inches in length and fo very tender alfo, that it

unavoidably feparated near the navel of the child during

the delivery. Whether, therefore, there was any pulia-

tion in this funis I am not able to determine. The
placenta was not particularly examined.

(b) Mr. HEwsoN, fomc time before his death, feemed to be corrfirmed in

the opinion, that whenever children are born with little or no brain, the cap-

fula renales are always very much dimlniflTied. This is certainly.the cafe in one

or two almoft brainlefs children which I have by me, and whofe renal capfulte\\Q

examined, with a view of being further fatisfied upon this fubjeft.

pj An exaftly limilar circumftance to this I took particular notice of, in the

delivery of another almoft brainlefs monfter.

Here
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Here are evidently in thisfoetus two diftin^l fyflems of

vefiel^, arteries and veins r</;, that carried red blood It

is plain alfo, that the blood palled from the internal iliac

arteries, through the bypogrq/trics and umbilicals to the

placenta^ and was returned from it by the umbilical vein

to the navel, and thence dilfributed in the manner be-

fore obferved. But as there is no heart, nor any thing

analagous to one, it becomes extremely difficult to afcer-

tain the powers by which the circulation was carried on

through this curious phyliological phaenomenon. May
we not however venture to advance a conjeilure, that

the periftaltick, or living mufcular power of the arteries,

was principally fubfervient to this important end ? Many
examples are to be met with in the coUecftions of the cu-

rious and learned in the different parts of Europe

which

(d) Mr. HEWSON attempted to inje£l the whole blood vefTels by the umbili-

cal vein as ufual. To his great furprize, no part of the injection returned by

the umbilical arteries. He could not account for this fingularity at that time

;

but as only a part of theveffels were filled, he injefted afrefli by one of xhthyps-

gajlric arteries. Upon difiTeftion afterwards, this myftery was unravelled by the

heart’s being totally abfent. It then appeared alfo, that by the firll Infpeftion

he had filled the venal fyftem, and by the latter the arterial.

(c) See a very curious cafe related by Monf. winslow, in the Memoires de

L’Academle des Sciences for 1740, p. 586. and 604. Among other remarkable

fingularities in this little monftrous abortion of fix months, that excellent ana-

tomifl: particularly takes notice, that there was no appearance of one drop of red

blood in any of its veffels, which were univerfally filled with a ferous lympth;

and that there were no veftiges of any veins at all.

(f) F. LiCETUs, de Monftris,p. 300. et feq. palfyn, Traite des Monftres,

p. 325. cheselden’s Anatomy, 5th ed. p. 379. Phllofophical Tranfaflions,

1739-40, N° 456. p- 303. Ibid. 1767, p. I. L’Academie des Sciences, Hift.

1720,
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which are fomewhat fimilar to that now related. When
carefully examined, however, excepting a very few in-

fiances, they are generally found either efTentially to

differ, or elfe their ftrucSlure has not been, with any to-

lerable precifion, explained. The prefent hiftory af-

fords alfo an exception to a frequent remark among au-

thors, ‘‘ That brainlefs children are always very brifk

“ before they are bornr^:;;” for the mother has fre-

quently told me, That file felt no motion at all within

“ her after the firft birth; and that fhe had not the leafl

“ fufpicion of there being a fecond child till it was deli-

vered.” This circumftance may however, perhaps, be

attributed to the medulla fpinalis being totally deficient,

as well as the cerebrum and cerebellum.

Phyfiologifls and philofophers have fpent a great deal

of time in attempting to invefligate the caufes of thefe

extraordinary phaenomena. With this view many opi-

nions have been flarted ;
but moftj if not all of them, ets

far as I am able to judge,, being built upon the tottering

balls of conjedlure only, afford, upon an attentive in-

fpedlion, but little fatisfacStion to a difpaffionate enquirer

after truth. The particular hypothefis, w^hich has

been almofl univerfally adopted, is, that monflrofity and

marks in children depend upon the imagination and

1720, p. 13,. Ibid. Mem. 1720, p. 8. Ibid. 1740, p 386. and p. 592. Mif-

cellania Curiofa Ephemeridum Germankarum Ann. XIX. p. 258. Afta Eru-

ditorum Lipfiae, Ann. 1724, p. 501-.

(g) Pbilofophical Tranfa£tions, 1674, N” XCIX. p. 6157. Ibid. 1767,

p. 18^.

longing
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longing of the mother. Such pernicious a principle as this

ought to have very rational evidence,and the moll ftriking

fadts to fupport it. But is it not diredly the contrary ?

Indeed a great many ridiculous ftories have been related

to the world ru, which, however, upon a little reflection

either obviate themfelves, or elfe are contradicted by
thole faCts that occur. May we not exemplify this ob-

fervation by the cafe of twins now related? One of the

children was perfeCt, and is ftill living ; the other proves

to be remarkably defective. ‘ Does not the queltion na-

turally arife here, how could one child be affeCted by

the dilturbed imagination of the mother and not the

other? But the mother, upon repeated examination,

recollects no fright in particular while flie was preg-

nant. Neither, if flie did, would it all invalidate the

force of our argument upon this fubjeCt; for Itie could

not poflibly fee any child without a head : and more ef-

pecially, becaufe other parts, as the vifcera and medulla

fpinalls, were equally defective, which are entirely out

of the reach of the eye or imagination of the mother

to form- any idea about them. To elucidate this point

ftill further, can any candid perfon poflibly fup-

pofe, that the cafual agitation of mind of a pregnant

woman, fliould either produce or deftroy a whole

fyftem of blood-veflels, nerves, and fibres, which are '

indifpenfable conftituents of almoft every part of the

(h) MAURICEAU, p. 53. Obf. 64. Ibid. p. 63. Obf. 118. smellie’s

Midvvifry, vol. III. p. 402. Phllofophical Tranfaftions, 1684, N° 160. p. 599.

Ibid. 1739-40, N° 456. p. 303. and 306.

body?
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body ? And may we not adduce one proof more, in fup*

port of our argument, from what happens to animals

and vegetables ? Among thefe alfo, fiich extraordinary

deviations from the general courfe of nature are by no

means uncommon
:
yet the former are poffeiTed of amuch

lefs lhare of imagination than is generally allotted to the

human fpecies
;
and the latter have none at all. Rea-^

foning in the fame mannerupon feveral occaiionsof this

kind in which I have been concerned, my, conclulions

have always been fmilar ; viz. that the ufually afligiied

caufe of the mother’s imagination is by no means equal

to the manifold effects produced. And on the other

hand, this injurious dodtrine is pregnant with continual

mifchief to fociety. It frequently makes w^omen very

unhappy. And the fear of mutilating or marking their

infants often alfedls them fo much, that they at laf: miR
carry. Having therefore indubitable fadls to go upon,

and the caufe of humanity fo powerfully coinciding with,

the truth, is it not right to affirm and maintain with con-

fidence, that neither the longing nor frighted imagi-

nation of the mother appears to have any power at all

to imprint marks or monftrofity upon children? That
this is a very weak fuppofition, entirely void of founda-

tion, diredtly contrary to all philofophy and experience,

and has nothing to fupport it but avulgar opinion, tranf-

mitted to us from the ages of anatomical ignorance?

And is it not more reafonable to conclude ’with you, sir,

in your extenfively ufeful lectures, that whatever be the

defedf or deformity in a monftrous birth, it can never be

VoL. LXV. Xx occa-
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occafioned by accidents of any kind during pregnancy

;

but probably has its exiftence always originating, caujd

adhuc incognita^ in the firft ftamina of the embryo (O ?

Thus, SIR, I have faithfully related the particulars of

this lingular phsenomenon among the human fpecies,.

which, to a demonftration, confirms y^our opinion, that

the nourifhment of the foetus in ute'ro is principally by

means of t\\t funis umbilicalis. M. merry obferves, that

defe6Uve monfters are more inftru6i:ive than others that

have redundancies If this be true, here is hill an

ample field for fpeculation, notwithflanding the few very

obvious remarks which I have already ventured to make.

In conformity to the general language of authors, I have

ill this efTay occafionally adopted the ufe of the term

monfier. There is, however, fomething in that word ex-

tremely repugnant to our common feelings, and very apt

to leave a terrifying impreflion upon the mind. Why
may not the Author of Being fometimes produce varia-

tions in the human fpecies, as well as in the animal and

vegetable kingdoms and equally exempt too from

fuch frightful appellations? Would it not, therefore,

be more eligible in the prefent infta.nce, and every fimi-

lar one, to explode, the common term, and call it limply

(i) The great baron hAller is of opinion alfo, that this, is evidently the

cafe in that fpecies of monfters to which parts are added. Vide Opera Minora

HALLERI, tom. III. p. 148.

(k) L’Academic des Sciences, Hift. 1720, p. 13.

[l) Seep. LicETUs. j. palfyn des Monftres, &c. in which are many inr

fiances of each kincL

a lufus
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a lujus natura\ or with pliny to fay, Hoc nobis mira-'

“ culum^ftbi ludibrium^f ingeniojaJinxit natural"'

The peculiar (hare of your friendfhip, with which

you are pleafed to honour me, makes me flatter myfelf

that you will give me credit for the truth of any fadls

advanced in the courfe of the detail, that are not irre-

fragably evidenced by a recourfe to the preparation in its

prefent ftate.

I am, See.

Norfolk-ftreet,

June 6, 1774.

X X a XXXI. Qbjer-
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XXXI. Obfervations on the State of Population in Man-

chefter, and other adjacent Places concluded. By Tho-

mas Percival, M. D. F. R. S. and S, A, Communicated

by the Rev. Dr, Price, F, R, S,

Redde, Feb. 2, VERY accuratc furvey was completed
-C laft year, of the towns of Mancheiler

and Salford, with their refpe6tive towndiips. This

fpring an enumeration, equally exadl and comprehen-

live, has been made of the whole parhli of Manchefter,

which contains thirty-one townfhips (exclulive of the

two above mentioned) in the compafs of lefs than lixty

fquare miles. The reader is here prefented with the par-

ticulars of this enumeration.

Tenanted houfes, 2371
Families, 2525
Inhabitants, 13786
Males, 6942
Females, 6844
Married, 4319
Widowers, 232
Widows, 315

Under 15,
*

5.545

Above 50, 1762
Above 60, 470
Above 70, 261

Above 80, 87

Male lodgers, 68

Female ditto. 51

Empty houfes. 41

The number of perfons to a houfe in Mancheiler is

therefore nearly 5|; of individuals to a family, about 57;

and
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and -^th of the inhabitants have attained the age of 50'.

It is unneceflary to point out the difference in the pro-

portions between the town and the adjacent conntry, as

it will appear fufhciently obvious by comparing this ac-

count with that of Manchefler. The wdiole number of

the inhabitants in the town, townfliip, and pariflr of

Manchefter amounts to 42937.
Attheclofe of 1772, an account was colle61:ed from

every country chapel, both epifcopal and diffenting, in the

parifh, of the baptifms and burials of that year. The for-

mer were found to amount to 40 1 ,
the latter to 246 ; and

there is a prefumption that this is nearly the annual pro-

portion of deaths in the parifh of Manchefter, exclufiveof

the town and townfliip. For the number of burials in the

whole parifh was, in the fame year exaftly 1200; and it

has been fhewn,that the deaths in the town of Manchef-

ter are, one year with another, 958. This fum being

fubtra6fed from 1200, leaves a remainder (242) for the

country, very nearly equal to 246. And if 13786, the

number of people in the parifli, be divided by 246, it

will appear, that only i in 56 of the inhabitants dies

annually,' whilft the yearly mortality in Manchefter is as

I to 28. Such a ftriking difparity in the healthinefs of

a large town, and of the country which farrounds it,

granting it to be lefsthan has been fuppofed, will fcarcely

be credited by thofewho have paid no attention to enqui-

ries of this nature. And it muft afford matter of aftonifli-

ment even to the phyftcian and philofopher, v/hen he

reflects that the inhabitants of both live in the fame cli-

mate,
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mate, carry on the fame maniifa6Lures, and are chiefly

lupplied with provifions from the fame market. But his

furprize will give place to concern and regret, when he

obferves the havoc produced in every large town by

luxury, irregularity, and intemperance
; the numbers

that fall annual victims to the contagious diftempers,

w'hich never ceafe to prevail; and the pernicious influ-

ence of confinement, uncleanlinefs, and foul ah on the

duration of lifer^>’.

It is not air, but floats a naufeous mafs
“ Of all obfcene, corrupt, offenfive things.”

ARMSTRONG Oil Health, book I.

Great towns are in a peculiar degree fatal to children.

Half of all that are born in London die under three,

and in Manchefler under five years of age
;
whereas at

Royton, a manufa6turing townfliip in the neighbour-

hood of Manchefler, the number of children dying un-

der the age of three years, is to the number of children

born only as one to feven; and at Eaflham, a parifli in

(a) There are at this time in Manchefler no lefs than 103 llcenred hnufes

for retailing fpirituous and other liquors, and 64 in the other townfhips of the

parifli. At Bii'iningham, the number of public houfes Is flill greater than at

Manchefler. A very ingenious friend of mine in that place has computed, that

the quantity of malt confumed there in tlie public houfes, requires for its growth,

a coTipafs of land which would be fufficient for the fupportof 26,000 men.

(b) The I'ev. Dr. Tucker, dean of Gloucefler, informs me, “ That were it

“ not for the daily arrival of recruits from the country, his parifli (St. Stephen’s

“ in Briflol), and indeed Briflol in gt-neral, would be left in a century without

“ an inhabitant, unlefs the people would betake themfelves to better courfes.”

Chefliire,
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Cheaiii-e, inhabited by farmers, the propoition is confi-
derably lefs (‘).

It is a common but injurious praaice in manufadur-
ing countiieSj to confine children^ before they have at-
tained a fufhcient degree of foength, to fedentary em-
ployments, in places where they breathe a putrid air, and
aie debarred the free ufe of their limbs. The effea of
this confinement, fays an able writer, is either to cut
them off early in life, or to render their conflitutions
feeble and fickly

; but the love of money ftifles the feel-
ings of humanity, and even makes men blind to the
very intereft they fo anxioufly purfue. The fame prin-
ciple of found policy vrhich mduces them to fpare their
horfes and cattle, till they arrive at a due fize and vigour,
fliould determine them to grant a proportionable refpite
to their children (<i). And this obfervation may, perhaps
be extended to the untimely culture of the mind. For
too early an application to ftudy impairs the faculties,
injures the conftitution, and hurts the temper by fre-
quent contradidlion. Almofl as fbon as a boy has ac-
quired the powers of fpeech, he is fliut up many hours
every day in a noifome fchool, fecluded from the bene-
fit of exercife and the refrefliment of the open air, and
tied dov/n to the fevere drudgery of learning what ferves
only, at fuch a period of life, to over-charge his memory,

{c) See my former paper on Population. Phi!. Tranf. vol. LXIV part i
-

page 62. • j
1.

(d) See Dr. GRZGORX’S Comparative View of die State and Faculties of

and
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and to deflroy his native chearfulnefs of dif|X)fition.

Tims* the age of gaiety (to ufe the words of the elegant

writer before referred to) is fpent in the midfl of tears,

punifliments, and ilavery
;
and this to anfwer no other

end, but to make a child a man, fome years before nature

intended he diould be one.

The reverend Mr. harrisox, of Chapel in le Frith,

has made a furvey, at my requelf, of the inhabitants of

Ghinley, Brov/nfide, and Bugfworth, three hamlets con-

tiguous to each other, in the pariih of GlolTop and Peak

of Derbyihire. They are four flatute miles in length,

and three in breadth ; and contain 301 males, 3x0 fe-

males; 200 married perfons, 15 widowers, 18 widows;

2 34perfons under fifteen years of age, 121 above 50,

and 9 who have attained the age of 80. This enumera-

tion was finiflied in September 1773.
I have been furniflied by the reverend Mr. asheton,

re6lor of Middleton, near Manchefter, with an account

of the births, deaths, and marriages, in his pariih, during

ten correfponding years of the laft and the prefent cen-

tury. From 1663 to 1672 inclulive, the deaths w'ere

males 180, females 187; the births, males 200, females

188; the marriages 121. The births, therefore, during

ten years, only exceeded the deaths in number 2 1 . And
the average number of births to each marriage was as

3} to I. From 1763 to 1772 inclulive, the deaths

were 499 males, 494 females; the chrillenings, 802

males, 768 females; the marriages 330. Thebaptifms,

therefore, during this period, exceeded the deaths 577;
that

7
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that is, near 5 8 annually. And if no allowance be made

for illegitimate births (which, I helieve, in this parifh

are not numerous, andean no where be fuppofed to equal

one fourth of all that are born), each marriage has pro-

duced 4| children. It is curious to obferve the change

in the proportion of births to the deaths, and alfo to the

marriages, which has taken place at Middleton (and I

have received limilar accounts of other places), during

the courfe of the laft century. The former may be ex-

plained by the greater encouragement to matrimony

tfom the increafe of trade; the latter is of more difficult

folution ;
though it is probable, that the warmer cloath-

ing and better fare, which the poor now enjoy, may have

contributed to it. Luxury, when carried to fuch a de-

gree as to enervate the conftitution, is unfavourable to

population
;
but plenty of nutritive diet may v/ell be re-

garded as a fource of fruitfulnefs. The lower clafs of

people in this county formerly lived upon the coarfeft

food. Wheat, an hundred years ago, was almoft un=-

known to them:^; and fo lately has it been cultivated in

Lancaffiire, that it has fcarceiy yet acquired the name o-f

corn, which in general is applied only to barley, oats,

and rye. Potatoes alfo are much improved by the pre-

fent judicious method ofgrowing and propagatingthem

;

and they now conhitute a moft wholefome and nouriffi-

ing part of our diet. Perhaps likewife the general

ufe of pepper and of other fpices may increafe the fer-

tility of mankind. But I ffiall fufpend my conjectures

for the prefent. A variety of caufes may counteract the

Von. L'XV^ Y y operation
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' operation of thofe which I have enumerated, anda confi-

derable number of fadts mull be adduced, to afcertain,

whether the proportion of births to marriages be gene-

rally increafed in countries advanced from poverty to

wealth, by the- introdudlion of trade, or the improve-

ments of agriculture. The inllance of Middleton and

of one or two places more which firll occurred to me,
and fuggeiled the preceding obfervations, is oppofed by

others which have lately fallen under my notice. And
I cannot clofe this fubjecl better than by giving a view

of the fadts which I have colledled on both fides the

queilion.

A TABLE fliewing the proportion of births to marriages

in different places, and and at different periods of time*

IVIiddleton.

Year. Marriages. Chriftenings. Births to a

Marriage.

From 1663 to 1672 I 21 388 3j+

1763 1772 330

Warrington.

1570 4f

From 170 2to 1722 Jt 3 i 38s 2.9-f-

1752 1772 1549 .5034 3i

Pentraeth Parifh, Anglefeyr^ *

From 1740 to 1747 32 100 3|

1764 1771 33 149 4i

(e) Vide Philofophical Tranfadions, vol. LXTH.

Llanddyfnan
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Llanddyfnan Parilli, Anglefeyr/;.

Year. Marriages. Chriftenings. Births to a,

Marriao;e.0

From 1750 to 1757 28 Ill 3-9 +

1764 1771 32 154

1547 1554 8 36 4t
1620 1627 20

Liverpool.

44

From 1700 to 1710 500 2127 4t
1762 1771 4812

Bowden.

1001

0

From 1653 to 1662 136 573 4t^-
1763 1772 369 1300 3t+

I have lately received, from the reverend Mr Arch-

deacon Blackburn^ redtor of Richmond, in Yorkfliire,

the following account of his parifli. From the year

1764 to 1773 inclulive, 452 males and 376 females

have been baptized ; 299 males and 341 females have

been buried. The marriages, during this period, have

amounted to 200. In Richmond there are about 600
houfes; but the Eafter book enumerates only 450 fami-

lies, and Mr. blackburn computes the number of inha-

bitants to be 2300. “ We have no diftempers, he fays,

“ that can be called endemial ; and when fevers prevail

‘‘ in the neighbourhood, few are affedted by them in
“ this town. If any perfon brings an ague to Rich-

mond, he is generally freed from it in a few days

;

(f) Vide Philofophical Tranfaftions, vol. LXIII.

Y y 2
’ ‘‘‘ though
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though the village of Gilling, about a mile and a half

diihint. -whicbi hands low, and has a large pool 6f ftag-

‘‘ nant water adjoining to it, is vifited with this com-
** plaint every fpring and autumn. The air of Ricli-

“ mond feems to be peculiarly unfavourable to con-

fumptive diforders. Many hrangers come hither from

different parts in the firfl: Ifage of the phihijts pulmo-
‘‘ Jialis\ but after thirty-five years experience, I may

truly fay, that not one has recovered, although the ut-

moft care and attention have been paid to their refpedfive

‘‘ cafes. The natives and conftant refidents are not fub-

Je6t to diftempers of the lungs, except when brought

on by intemperance. But rheumatic complaints are

<•< very general, efpecially amongif the fenior part of the

inhabitants. In fmall corporation towns, like Rich-

mond, numbers are taken off by exceffive drinking;

but the people here, who live temperately, feldorn die

earlier than in their eightieth year.”

Happening to pafs through Sutton Coldfield, in War-

v/ickflaire, lalf fummer, I was very much flruck with the

beauty and appaient healthinefs of its fituation,- and was

defirou-3 of knowing the duration of life which the in-

habitants of it enjoy.. The re61or of the parifh has, with

great politenefs and good-nature, gratified my curiofity

as far as he is able, by furnifliing me with an eMra6t

from the church regiffer, and by referring me to the

XXXIId volume of the Gentleman’s Magazine for the

following authentic account of the place, drawn up. I

fuppofe, by himfelf.

5 “ Sutton
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Sutton Coldfield is almofi: full South, of Litchfield,,.

‘‘ at the difiance of about eight meafured miles, by
which it undoubtedly got its name of Sutton, a con-

“ tradlion of South Town. A remarkable bleak and
‘‘ barren common, which lies diredtly Well of it, jufi

out of the bounds of the parifli, might probably give

it the additional denomination of Coldfield. The air

Upon that heath, as travellers have declared, is as keen
‘‘ and cold as that upon the Highlands of Scotland. The.

parifli is nearly oval in its figure, the longefi diameter
“ feven miles, and the breadth four. The face of it is-

“ agreeably diverfified with gently rifing hills, and val-

lies of tolerably fruitful meadows. It is bounded on
“ the North by Shenfion, on the Wefi by Barr, on the
‘‘ South by Curdworth and Afion near Birmingham,

and on the Eafi by Middleton. It contains four ham-
“ lets;, videlieet^ Mancy, Hill, Little Sutton, and Warm-

ley. In the year 1630, there were 298 houfes in the

parifii; in 1698 there were 310; in 1721 the num-
‘‘ ber was increafid to 360; which is nearly about the

number at prefent. I compute the inhabitants at

1800. The regifter begins in the year 1603. The
number of chriftenings for the firfi twenty years of

the regifier was 645 ;. the burials during the fame pe-
riodwere 501.^ The number of chrifienings for the

lafi twenty years (ending at Chrifimas- 1761) was

747; the burials 694r^^.” If the number of inhabi-

(S^ Gent, Magazioe.for September 1762, p. 40.1,

tants



t 332 ]'

tants in this town be rightly computed, the yearly mor-

tality amongft them is not fo much as i to 5 1 ; and every

houfe contains at a medium five perfons.

It appears by the obfervations lately communicated to

me by the rev. Dr. tucker, that the number of females

baptized at the parifli church of St. Stephen’s, in Brif-

tol, from 1754 to 1774? exceeded the number of

males baptized during the fame period of time; and that

the like remark has been made in fome other parifiies

of that city. From thefe fa<fi;s the learned dean con-

cludes, that Mr. derham’s calculation, which fuppofes

the proportion of male to female births to be as 1 3 to

5l 2, may poflibly be erroneous
;
and he exprelfes his ear-

neft wifiies, that farther enquiry may be made into a

fubjecl of fo much importance. The following table

will fiiew the refult of the few obfervations which I have

.collected.

A com-
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A comparative view ot the number of males and females

baptized in different places.

. :
Places. Males. Females.

Difhley, ii years. 149 145
St. Stephen’s parifh, Briftol, 20 years, 591 607
Taxal, 15 years. 204 230
Richmond, 10 years. 452 376
Middleton, 10 years. 200 188
Bowden, 10 years, 66a 639
Middlewich, 5 years. 229 242
Chapel in le Frith, 10 years,. 451 ' 332
Warrington, i year. 181

Collegiate Church, Manchefler, 7 years. 3215 3024
Royton, 10 years. 134 I 20

Chefler, 2 years. 408 415

Total, 6871 6499

This table fufficiently confirms the calculation of

Mr. DERHAM, with refpe6t to the greater proportion of

male than of female births; but the fucceeding table

evinces, that the number of females living confiderablj

exceeds the number of males in a variety of places, and

that the widows are almoft double the number of wi=-

dowers.

A com-
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A comparative view of the ntimber of males atjd females

in different places.

Places. Males, Females.

Manchefter, 10548 II933

Salford, 2248 2517

Townlhips of ditto. 947 958

Parilli of Manchefter, 6942 6844

Bolton, 2159 2392

Little Bolton, 361 410

Monton, 196 190

Hale, 140 13^

Horwich, 149 156

Darwen, 900 95 ®

Cockey, 320 391

Chawbent, 554 60^

Ackworth, 340 388

Eaffham, 451 461'

Chinley, 181 168

Brownlide, 40 47

Bngfworth^ 80 95

Total, '26556 28642

A com-
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A comparative view of the number of widovrers and
widows in ditlerent jDlaces.

Places. Widowers. Widows.

Manchefter, 432 1064
Salford, 89 149
Townfliips of ditto, 21 42
Parifh of ditto, 232 315
Monton, 14 13
Hale, 8 12

Horwich, 9 8

Darwen, 30 48
Cockey, 10 27
Chowbent, 26 43
Chinley, 27 31
Brownlide and Bugfworth, IS 18

Total, 913 1770

The reader will perceive, from thefe tables, that the

proportion of males to females baptized, is nearly as

i 2 to 1 1|, or 1 9 to 1 8 ;
but that the number of females

living is to the number of males as about 1 1 to i o|, or

more exadlly as 1 4 to 13; and that the widows are al-

moft double the number of widowers^

VoL. LXV. Z z XXXII. M



[ 336 ]

XXXII. An Account of the Effedis ofLightning on a Houfe^

which was furniPocd with a pointed Condudior^ at Ten-

tcrden, in Kent. In Lwo Letters from Richard Haf-

fenden, Efquire, the Proprietor of the Houfe, to Mr.

Henley. Po which are added fotne Remarks by Mr,

Henlev.

Reticle, May
4, y ~r AV ING been informed by my friend

1775-
Mr, cuRTEis, that the houfe of Ri-

chard HAFFENDEN, efqiiire, at Tenterden, in Kent, had

been damaged by a flroke of lightning, notwithftanding

it had been furnidied with a metallic conductor to pre-

vent thofe accidents: I wrote to Mr. haffenden, re-

queiting the fayour of the particulars, and efpecially an.

anfwer to the following queftions.

I. The length and breadth of the houfe? 2. The

height of the chimney, to which the condudtor was af-

fixed from the ground, and how far it might rife above

the ridge or roof of the houfe ? 3. To what height the

conductor was carried up above the top of the chimney ?

4. Whether it was terminated by a Iharp point, a blunt

end, or a ball? 5. Whether it was in regular contact

from the top to the bottom? 6. What was its diame-

ter or breadth ? 7 . Was it carried down into the moift

earth, or water ? 8. What is the nature of the foil

it 'enered? 9. Did any other chimney, or Rack of

chimnies,
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chimnies, fviftain a ftroke, befides that which carried the

condu6i:or; and what was the diftance of each of the

ftricken chimnies from the condndtor ? and was there any

communication of lead on the ridge or roof of the houfc,

that might connedl fuch chimney, or part of the houfe

in which a ftroke was received, with the condudtor?

I o. What was the damage the houfe fuftained
;
and how

was the eledtricity conveyed to the earth ? 1 1 . Doth

your houfe hand lingle ? 1 2. Is it htuated on a plain,

or on an eminence? 13. Had it rained before the

ftroke; and was that part of the houfe on which the

lightning fell, conliderably wetted at the time? 14*

Did the wind blow toward that partof the houfe ? 15,

When did the accident happen?

LETTER L

SIR,

I
RECEIVED yours of the 31ft ult.\ in anfwer to

which, pleafe to obferve the following fketch of the

top of the houfe (vide tab. vii. fig. b*). are four

chimnies, about thirty-eight feet high, andtwo feet above

the ridge of the houfe. / is the condudtor, elevated about

five feet above the top of the chimney : it is made of iron,

about half an inch diameter, tapering to a point, gilt*

After being fixed to the chimney, eight or ten feet, it

turns under the roof to the leaden pipe (^), which carries

the water from the gutters e, e, e, and goes down on the

outfide of the ho ufe, till it reaches within four feet of the

Z z 2 earth.
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earth. In the lower end of this pipe is [)iit one end of

a fquare rod of iron, about three quarters of an inch in

breadth; the other end of the iron-rod refts on the

ground, at the diftance of fix feet from the foundation.

The foil is light mould. The houfe ftands fingle, on the

Weft fide of a hill; the front toward the hill. On the

top of the hill, at about forty rods difiance, is a wind-

mill, whofe bottom is nearly as high as the top of the

houfe. About two of the clock in the morninq; of

June 17, 1774, after thundering for fix or feven hours

at a difiance, and coming llowly on, there being little or

no wind, there -came three amazing firokes. It rained

extremely at the time; but ceafed immediately at the

lafi firoke, which firuck the top of the chimney (I/) the

furthefi from the conductor, and broke it down to the

lead (/6), where it divided
;
fome up and down the rafters

(/, /,) breaking and fplitting both tiles and rafters into

thoufands of pieces, and throvving fome of them to a

great difiance, till it reached the gutter (e), which was

full of water. Another part, or divifion of the explo-

fion, broke the mortar down to the lead on the cornice

(k, /’,); which lead goes round the front of the houfe.

Through this lead the lightning paffed quietly, till it

reached the chimney (c), and broke the mortar on that

chimney, till it reached the lead adjoining to it
;
through

v/hich lead it pafied quietly, and then broke the tiles to

the lead on the chimney (d); and from thence it ^^afied

to the gutter or leaden jfipe; and there, uniting with the

other divifion of the explofion, ii pafTed down the leaden

pipe
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pipe to the iron bar at the bottom; where, by an explo-

fion, it burft a hole in the pipe, in palling from one me-
tal to the other; and then went down the iron rod to the

ground, flowing with water. It feems to me, according

to the fituation and direction of the cloud, being nearer

to the gutters than the condudlor, that they a£ied as con-

dudiors
;
and that the condudtor itielf was not in the leait

affeched by the flroke
;
and that had there been conduc-

tors on the chimnies (ad-ndh) they would have conveyed

the eledtric fluid to the ground, wdthout any damage to

the houfe : or had there not been a continuation of me-
tal from the gutters. Sec. to the earth, it would have da-

maged the houfe all the w^ay down. There was another

divifion of the explofion, wdiich, I imagine, came down
the chimney, and ftruck to a bell-wire in the palTage,

and deflroyed the ware to its end, w^hich happened to be

juft within-fide the wall, where the water-pipe was with-

out; and there it made a fmall hole, in the joint of the

bricks of an eighteen-inch wall, to the pipe
;
and then

paffed to the earth with the reft. I think this accident is

no proof whatever of the preference of balls or points

as terminations of condudlors. Thus, sir, ! have en-

deavoured to anfw’^er every one of your queries
;
wdiich,

if fatisfadlory, will give pleafure to, &c.

N. B. The pricked line in the figure fhews where the

lightning paffed quietly, having a fuffident fubflance

of metal to pafs through. The curved line fliews wdiere

it broke every tiring. The diagonal lines are all lead.

LETTER
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LETTER II.

S I R,

I
H A V E received your two laft

;
and can affure you, it

is with great pleafure I anfwer any queftion you fliall

be pleafed to afk. In anfwer to your firfl and fecond

queries; videlicet^ What is the breadth of the houfe?

and what is the diftance between the extreme part of the

chimney iji) and the condudtor ? The drawing I fent

you is a fcale of one-tenth of an inch to a foot, or nearly

3d. The iron rod in the pipe is only a large

rujly /pit put in, a few inches, pro tempore. The place

where the leaden pipe is burften, is even with the point

of the fpit
;
very little melted, but broke open with the

explolion. The pipe is bent outward, about a foot at the

lower end, to carry the water from the houfe
; the hole

in which, and the point of the fpit, are near the middle

^
of that projecting part of the pipe. No vilible alteration

appeared on the rufty fpit by the lightning having palTed

through it. The lower end of it lays on.^ not in the

earth. 1 am,- 8cc.

(a) Then, the breadth of the houfe is about twenty-nine feet, and the

d'lftance between the fartheft corner of the chimney {b) and the conduftor,

about forty-nine or fifty feet. . w. henley.

THESE
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THESE letters containing a fatisfa(5lory anfwer to the

queftions which precede them, the following remarks

naturally prefent themfelves . i ft, A fharp pointed con-

ductor did not, in this inftance, invite or draw down upon

itfelf a ftroke of lightning. 2dly, Such a condu6tor,

elevated five feet above the top of one of the chimnies,

to an houfe of this dimenfion, may not perhaps he fuf-

ficient, by its filent attractive force, to protect the whole

of fuch a building from a ftroke; efpecially when a

chimney, a blunt body^ wetted with the rain, ftanding at

fifty feet diftance from the condu61or, and being within

five feet of its height, is in actual contact with fo large,

though irregular, a communication of metal, leading

from the chimney directly to the conductor
;
though, in

this inftance, it fliould be remarked, that the conductor

itfelf zvas not in contaSi throughout
;
and it is, for that

reafon, a very exceptionable cafe. S^ly? Two fuch

conductors ; one, for inftance, on the chimney (^/), where

this was placed ; and the other, onthe chimney {b)^ which

was ftrieken, with a communication of lead between

them, would probably have protected the houfe : but a

conductoron each chimney would certainly have fecured

the whole building effectually 4thly, As the three

branches: by divifions of the lightning all concentrated

upon an iron bar, three quarters of an inch fquare^ and-

produced no fign of heat in it, an iron bar of that fize

feems to be fully fuffiicient for the purpofe. There ap-

{b') This method, I am informed, Mr. haffenden hath lately adopted,

6 pears,



[ 342 i

pears, however, to have been two defers in Mr. iiaf-

fenden’s condiidlor: i. The Icadc-n pipe and the iron

bar at the bottom were not in contad:. 2 . The iron bar,

or a thick plateof lead, have been continued down
into the moUl earth or v/ater

; and had not the eaith, as

Mr. HAFFENDEN oblcrves, flowed with water, at the time

of the accident, the want of this precaution migdit, per-

liaps,have been attended with fome damage to the foim-

dation. I have been thus particular in my inquiries

into, and remarks upon, this fa6f, as I think it of great

importance to thofe who ereeft condudtors, to be inform-

ed of every defedf in the conllmdtion, and of the dan-

gerous confequences thence arifing.

P. S. In Mr, haffenden’s fecond letter, he obferves,

that the bell-wire, mentioned in his firft letter, was brafs;

and that do much of it as went through the paffage was

painted: and the painted part, he fays, was not de-

Ifroyed; but the paint was loofened on the wire, without

being broken off, like the loofe rind of a tree
; wdiich re-

fembles the effeff of the artifieial eledfricity, in an ex-

periment of Mr. kinnersley’s, where a wire w'as, by a

great explofion, both lefTened in diameter, and extended

in length. The other part of the wire, which was not

painted, except a fliort piece at the end, fomewhat larger

and of iron, was entirely melted. Query, If the wire

before fpoken of had pafTed through a flone, particu-

larly a wet one, inclofing it firmly, would not that ffone

have been fliivered to pieces ?

XXXIII. Of
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XXXIII. Of the torpidity <?/ Swallows and Martins. By

James Cornilh, Surgeon^ at Totnefs, Devonlhire, in

Jundry Letters to the Honourable Dames Barrington,

F. R. S, and Dr, Maty, R, S,

LETTER L

TO DR. M A T Y>

s I R, Totnefs, Feb. 3,1775.

Redcie, May 25, ^ 5 it lias loiig been a defideratum among
1775* Jf\^ naturalifts to decide, with cer-

tainty, whether fwallows and martins remain in a torpid

Hate during the winter, or are birds of paflage; I 111all

make no apology for troubling you with this letter, as

it determines one part of the queftion, as I imagine,

beyond doubt. In the beginning of November, being

hilling on the banks of the river Dart, which runs at

the bottom of a very fteep hill, from the lide of which
project feveral large rocks, overgrown with ivy and
thicket; I was at once furprized with the light of a great

number of martins. Now the feafon of the year being

fo advanced, I dehfted from my amufement, that I might
the more carefully obferve the birds, which, I concluded,

VoL, LXV. A a a had
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had been brought out of their winter quarters by the

finenefs of the afternoon, it being remarkably pleafant

and warm for the time of the year; the Sun at that

time darting its rays directly againfl the rocks, juft

oppolite to which I had fixed my ftation. They conti-

nued to flit to and fro for near half an hour, keeping very

near together, and never flying in a direcft line above

thirty or forty yards, and never, when at the fartheft,

above a hundred yards diftant from the rocks
; clofer to

which they now, as the Sun lowered, began to gather

very fail. Their numbers now lefTened confiderably; and

in a very fliort time they all returned into the fiflures of

the rocks, from whence they had been induced to venture

out by the. warmth of the evening. I was particularly

careful to obferve if there was a fwallow amongft them

;

, but there was not one. Of this I am certain
;
for they

were feveral times within the diftance of twenty yards

from the places where I flood. I was the more attentive

to this, as I had been repeatedJy alTured, by many mafle^s

of veflels in the filh-trade, that they conflantly faw every

autumn, as they failed up the Mediterranean, vafl flights

of 1wallows, bending their courfe towards the South.

From Vv^hich there is the flrongefl reafon to believe, that

thefe birds, during the winter months, do feek a wurmer

climate; though Mr. buffon has, for. want of pofitive

evidence, left that point undetermined. The above

account, of which I am at all times ready to attefl the

truth, fettling the queflion, relative to martins, be-

yond any donbt, is the befl apology I can make for

the
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'

the liberty I have taken in troubling you with it. If I

have not been fufiiciently circumftantial in this’relation,

I fhall be at any time willing to anfwer any queries you

may think proper to favour me with. I am, &c.

LETTER II. ,

TO THE HON. DAINES BARRINGTO??.

SIR, March 31, 1775.

I
sH O UL D not have deferred a Engle poll acknow-

ledging the receipt of your favour of the 1 9th iilt*

if I could fo foon have procured a fecond perufal of

your very interefting paper, publifhed in the LXIId vo-

lume of the Philofophical TranfacRions, in which you

have thrown fo much light on the fubje6t, from the in-

veftigation of which I derive the honour of your cor-

refpondence. The feafon, as you obferve, is arrived

when fwallows and martins do ufually begin to make
their appearance

;
but there has not yet been one feen in

this part of the country, probably from the uncommon
coldnefs of the feafon; but you may dej^end on my
taking every method in my power to fulfil your requeft,

fo far as to get fome of the birds fhot, as foon as they be-

gin to ilfue forth from the rocks, where they have un-
doubtedly remained in a torpid Rate fince the month of

November laft. I am informed by a perfon who under-

A a a 2 Rands
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ftands blowing rocks, that it is almoft impoffibie to come
at the bottom of the fiflures of thefe in queftion. It could

not be done but by gun-powder, ami then at a great ex»

pence, and not without danger of deftroying much of

the field above; befides, the force of the ]:)owder per-

vading every hollow, would inevitably annihilate the-

birds, and fo fruftrate the end of our labour. I conceived

the idea of deftroying the rock in its full force, at the tiine-

when the martins entered it, as I concluded, for their

winter’s dormitory; and believe, that had the weather

continued favourable, I fliould have a<ftually attempted it

:

but on refledtion it did not appear, that the cbfcovery

would have been adequate to the difficulty and expence

that would have attended it. For there is certainly no-

thing more extraordinary in finding martins, in a ftate

of torpidity, than dormice or bats, which are animals,

equal in bulk to the fwallow or martiiu Dormice are

frequently found dead to all appearance in the winter

in old hedges ;
and we can procure bats at all times, in

any number, from a fubteiTaneous place, called Kent’s^

Hole, near Torbay. Now if tliC; examination of the iii-

teftinal tube of one of this tribe of mungrel animals in

a torpid flate, fiiould be thought worth attending to, it

can be done at any timie>. - Bats, indeed, are fometimes

feen in winter, in very mild w:eather;. though none have

yet made their appearance with us. And^I am ready

to attefi, if occafion fiiould require, that I have feen

martins in Totnefs in the months of December and Ja-

nuary : though I do not remember ever to have feen a

fivallo\r
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fwallow in the winter. Upon the whole, I cannot help

thinking my own evidence, with refpedl to the martin,,

to be ablblutely conclufive, as h likewife the teftimony

of Mr. STEVENS and Dr. pye; thongh it is to be regret-

ted, that thefe gentlemen fhonld have left any doubt,

whether the birds found in the mud were fwallows or

martins? And Mr. kleim, in his paper Be Hiberjiaculis

Hirundinum^ ailerts, that his father found three black

martins or fwifts in an old oak during the winter,, which

on being laid before a firc,. foon recovered ilrength

enough to fly about the room, though they died foon

after. The obje<5tioii which has been brought againfl:

the opinion, that thefe birds do remain torpid during

winter, is, that all birds do moult once in a year, and

fwallows do not moult with us. Now this argnment is

of little weight with me; as I am of opinion, that no

bird that is to remain in a torpid hate, during wdnter,

can undergo the procefs of moulting; for it is proba-

ble, if I may hazard fuch a conjedture, that the great lofs

of blood, which other birds fuffer during the. change

of their feathers, is faved by nature, in birds, which
n-ndergo a hate of toTpidity, for their more effebtukl pre-

•fervation in fueha ftate.. And I have known many in-

hances of birdsheptin cages that have not moulted for a

feafon;, particularly a whidi retained hisibpg

in full vigour during the autum-nand all the winter. At-

tempts have been mods toJbring bn a: torpid] hate on - the

birds in queflion,by conhiiinlg tlvem in a coki cellar ;, bub
witlioutfucaefs^ Ihei force this.objedion feerns to be

'
' 6. loh
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when we confider, that in this lituation the birds

muft be in continual fear, and confequently not difpofed

to make that change, to which inftindt hasdiredted them,

for their prefervation andfecurity ; fince all their attempts

are to get out of confinement, as long as they have any

fpirit or ftrength left; and when thefe are exhaufted,

they die in cburfe: and, I think, this hate muft be in-

duced by a difpofition in the animal itfelf, and cannot

be brought on by compulfion. I hope I fliall be fucceff-

ful in my endeavours to procure fome of the martins at

their firft appearance ;
as the being any way inftrumental

to oblige you will be a very great fatisfacftion to, See.

L E. T T E R III.

TO THE HON. DAINES BARRINGTON.

’ u '" 0 /'c; ^
'

SIR, . . Totn^fs, May 9, 1775.

I
GAN make no other apology for having fo long de-

layed writing to you, but a defire to get as much in-

formation, as would makemy letter worthy your perufal

;

-and if fa6ts, as well eftabliflied as the nature of things

can well admit, are allowed to be of any confequence, I

hope I have not entirely failed of fuccefs. Mr. trist, the

prefent recorder, and late member of parliament for tiiis

town
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town, affures me, that he once faw many martins in the-

winter, about Chriftmas, flying to and fro under a

large rock, not more than a mile from Totnefs, and alfo

near the river. Mr. dever, a reputable farmer, is ready

at any time to make oath, that he once found a fwift in

the church of Afliprington, in the middle of winter;

that he took it in his hand, and though it fliewed no

flgns of life, he is certain, it could not have been dead

but a few hours. He fuppofes it dropped from the roof,

at a time when fome mafons were at work, repairing a

breach. thomas didham alfo affirms, that he once

faw, on the 26th of December, two fwallow's or martins,

flying in a gentleman’s court of Syflerton; that it was a

pleafant day
;
and that he then fuppofed that they had

iffued from the old thatch-covering of the out-houles.

But here follows a dired: evidence, as to the torpidity

of one kind of bird. Mr. wiat made oath, laft Sunday,

in the parifli church of Haberton, before me and a cre-

ditable witnels,. that in the winter, and near Chriftmafs,

he once found,, in a hollow afli-tree them taking down,

a bird covered with, a kind of down; that on handling

it, it ffiewed flgns of life that the two labourers who af-

flfted in felling the tree, alfo handled it; that when they

flrft perceived the bird, it appeared to be dead, yet the

Beat of their hands made it move brilkly
; and that this

bird he believes to have been a cuckow. As tlie ftory of

the cuckow plucking offhis feathers, and remaining tor-

pid during the winter in hollow trees, is generally be-

lieved in this country, the effablifliment of the facfl aji-

peared.
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peared to me of confiderable imj^x^rtance
; and if I have

fucceeded in this point, I hope you will have no cbje<5lion

to the manner of afcertaining it, I would wiili to avoid

a weak credulity on one hand, and oblfinate fcepticifm

on the other. Again, Mr. achard, of Privy Garden, may
be now living, to teftify the truth of the account of the

torpid martins, which he faw taken out of the banks of

the Rhine, and which, in his letter to p. collinson,

efquire, read before the Royal Society, he fo particularly

deferibes. Now to prove the torpidity of birds, we have

the prefumptive evidence of Mr. trist, dever, didham,

and myfelf; and the politive evidence of Mr. achard,

Dr. PYE, Mr. stevens, and Mr. wiat; all men of cha-

ra6Ler, and incapable of alTerting an untimth. The
opinion of aristotle, that fome of the fame fpecies of

birds do emigr?,te; and that others do pluck off their fea-

:thers, and reniain torpid during the winter, cannot obtain

credit: for, we cannot fuppofe that thefe animals are go-

verned byt different inftindts, m what immediately con-

cerns their exilfence
;
but by the fame univerfal law of

nature,' independent of their wills or inclination. But

:then the law of nature muft be permitted to have its free

.courfe. ReRraint deftroys the rule of adlions; and there-

fore, though M. buffon and others fucceeded not in their

.
attempts to bringon torpidity in fwallows confined in cold

cellars, yefl have pleafed myfelf with the idea of con-

fining young fwallows, martins, 8cc. with the old ones

;

which may be eafily taken at their nefts when feeding,

in a large walled garden, covered with a net or lattice,

, in
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in which, there fhould be a pond. Probably the yotmg

birds, if the garden were large enough to find them
food, would not be uneafy under their confinement. If

this experiment fucceeded, it would be curious to ob-

ferve them in the different degrees of torpidity during

the winter. The intefiines might at different times be

infpeched, and their analogy with thofe of the torpid

bat carefully obferved. I have had an opportunity of

examining the vifcera of feveral torpid bats. The in-

teftinal tube ^yas perfe6tly empty, except about half an

inch from the anus^ where there was a little hard faces.

The gall-bladder \vas filled with a pellucid, yellowifli

fluid. The ball of Fahrenheit’s thermometer being

laid in the body of one of them, the heat of the blood

at the heart raifed the quickfilver two degrees. In three

others, opened at the fame time, no heat could be

perceived, either by the thermometer or by the touch.

Thefe experiments being made in the beginning of

April, it is reafonable to fuppofe, that the bat which
affected the thermometer, had begun to feel the ap-

proaching feafon. I think there is reafon to believe,

from the fmall quantity of faces in the inteflines, and

from its being fo near X\iQanuSy that thofe animals, when
they find themfelves growing torpid, take fufficient food

to ferve them during the winter. All the animal func-

tions in this flate are carried on exceedingly flow ; but

that they do go on, in fome degree, is evident from their

emptinefs, emaciation, and thefaces^ Avhich are found in

plenty underneath the place where they bang in duffers.

VoL. JLXV. Bbb The



C 35^ 1

The birds, of the fwallow tribe which I have pro-

cured, exhibit perfectplumage andextreme leannefs
; the

inteftines empty, except the gizzard, which contained a

fubftance moil like fmall twigs or ftraws. Swifts have

not yet made their appearance with us ; the firft that can

be procured fhall be examined. The refult lliall be the

fubje6l of a future letter, when I hope once more to have

the honour to fubfcribe myfelf, &c.

(a) N. B. I had defired him to fhoot fome of thofe which firft appeared^

;ind examine their inteftines^ as I alfo did with regard to the torpid bats.

D. BARRINGTON.,

XXXIV. De-
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XXXIV. Defcription and Ufe of a portable Wind Gage,

By Dr. James Lind, Phyfician^ -at Edinburgh.

K-edde, May ii,K f fimple inftrument confifls of two
1775. H

glafs tubes ae, cd, of five or fix inches

in length (tab . x . fig. i .) . Their bores, which are fomuch
the better always for being equal, are each about ^^ths of

•an inch in diameter. They are conne6ted together, like a

fiphon, by a fmall bent glafs tube ab, the bore of which

is -j^th of an inch in diameter. On the upper end of the

leg AB there is a tube of latten brafs, which is kneed or

bent perpendicularly outwards, and has its mouth open

towards f. On the other leg cd is a cover, with a round

hole G in the upper part of it, ^^ths of an inch in dia-

meter. .This cover and the kneed tube are connedted

together by a flip of brafs cd, which not only gives

ftrength to the whole inftrument, but alfo ferves to hold

the fcale hi. The kneed tube and covfer are fixed on
with hard cement or fealing wax. To the fame tube is

foldered a piece of brafs e, with a round hole in it, to re-

ceive the fleel fpindle kl, and at/ there is juft fuch ano-

ther piece of brafs foldered to the brafs hoop ^>6, which
furrounds both legs of the inftrument. There is a fmall

fhoulder on the fpindle at/, upon which"the inftrument

B b b 2 refts-,
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refts, and a fmall nut at /, to prevent it from being blown

off the fpindle by the wind. The whole inftrument is

eafily turned round upon the fpindle by the wind, fo as

alw^ays to prefent the mouth of the kneed tube towards

it. The end of the fpindle has a fcrew on it; by which

it may be ferewed into the top of a poft, or a ftand made

on purpofe. It alfo has a hole at l, to admit a fmall le-

ver for ferewing it into "wood w'ith more readinefs and

facility. A thin plate of brafs k is foldered to the kneed

tube, about half an inch above the round hole G, fo as

, to prevent rain from falling into it. There is likewife a

crooked tube ab (fig. 2.), to be put on occafionally upon

the mouth of the kneed tube F, in order to prevent rain

from being blowm into the mouth of the wind-gage,

\vhen it is left out all night, or expoled in the time of

rain. The force or momentum of the wind may be

afeertained by the afliffance of this inftrument, by filling

the tubes half-full of water, and pufliing the fcale a

little up or down, till the o of the fcale, when the in-

ftrument is held up perpendicularly, be on a line with

the furface of the w^ater, in both legs of the wind-gage.

The inftrument being thus adjufted, hold it up perpen-

dicularly, and turning the mouth of the kneed tube to-

W'ards the wind,ubferve how much the wat^r is depreffed

by it in the one leg^ and how much it is raifed in the

other. The fum of the two is the height of a column

of water which the wind is capable of fuftaining at tliat

time ;
and every body that is oppofed to that wind, will

be preffed upon by a force equal to the weight of a co-

lumn
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lumn of water, having its bafe equal to the furface that:

is oppofed, and its height equal to the altitude of the co-

lumn of water fuftained by the wind in the wind-gage.

Hence the force of the wind upon any body where the:

furface oppofed to it is known, may be eafily found
; and

a ready comparifon may be made betwixt the Hrength'

of one gale of wind and that of another, by knowing -

the heights of the columns of water,' which the different

winds were capable of fuflaining.^ The heights of ther

columns in each leg will be equal, provided the legs are '

of equal bores ;
but unequal, if their bores are unequal.

For fuppofe the legs equal, and the column of water the

wind fuftains to be three ’inches, the Water in the leg,v

w^hich the wind blow^s into, will be depreffed one inch,

and a half below o, and raifed juft as much above it irii

the other leg. But if the bore of the leg which the

wind blows into, be double that of the other, the w^atef

in that leg will be depreffed only one 'inch, w^hilft it is

raifed twice as much, or two inches, in the other; and-

vice verjd^ if the fame wind blow into the fmaller leg,'

it will deprefs the water in it two inches, whilft it raifes

it only one inch in the other. The force of the wind
may be iikewife meafured with this inftrument, by fill-

ing it until the water runs out at the hole g. For if we
then hold it up to the wind as before, a quantity of ava-

ter will be blown out
; and, if both legs of the inftru-

ment are of the fame bore, the height of the column
fuftained, will be equal to double Ihe column of water

in either leg, or the fum of what is wanting in both legL'

BtiX



[ 3S6 ]

’But if the legs are of unequal bores, neither of thefe will

give the true height of the column of water which the

wind fuflained. But the true height may be obtained by

the following

Suppofe that after a gale of wind, which had blown the

water in one of the tubes from a to b (fig. 3.), forcing it at

the fame time through the other tube out at e, the fur-

face of the water fliould be found ftanding at fome level

DG, and it were required to know what was the height of

the column ef or ae, which the wind fuflained. In order

to obtain which, it is only neceffary to find the height of

the columns db or gf, which are conflantly equal to each

other : for either of thefe added to one of the equal co-

lumns AD, EG, will give the true height of the column

vof water which the wind fuflained.

c A s E I.

Let the diameters ac, eh, of the tubes be refpe6lively

reprefented by c, and let ad or eg, and a=db or gf.

Then it is evident, that the column db is to the column

EG as c^x to d^a. But thefe columns are equal. There-

fore, c^x-d'-a^ and confequently, x--^'
C

EXAMPLE.
If the diameters ac, eh, be refpedlively 10 and i, and

AD or eg= 3,96 inches, x will be=:,o396 of an inch.

For d^'a—i x 3,96 = 3,96, which divided by t““= 100, gives

^^=,0396.

case
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CASE II.

But if at any inftant of time, whilft the wind was

blowing, it was obferved, that when the water flood at e,

the top of the tube out of which it is forced, it was de-

preiTed in the other tube to fome given level bf, the al-

titude at which it would have flood in each, had it im- -

mediately fubfided, may be found in the following man- -

ner

;

Let /^=AB or EF. Then it is evident, that the column i

DB is equal to the difference of the columns ef, gf. But -

the difference of thefe columns is as d^b-d^x. Therefore .

d^h
c'x-d''b~d'-x% and confequently, x--^-^:

For the cafes when the wind blows in at the narrow

leg of the inflrument.

Let EG or ad=^, gf = db=a’, and the dia- -

meters eh, ca, refpedlively -d^ c, as before. Then it is

evident, that the column ad is to the column gf as

to d"'x» But thefe columns are equal. Therefore,,

and confequently, x.:^-j,' This anfwers to

CASE I.

It is alfo evident, that the column ad is equal to the ;

difference of the columns ab, db. But the difference of

thefe columns is as bd^~rx. Therefore, d^x~bc"'-€-x, .

Whence we get x~-J^.^' This correfponds to case ii.

'
; As there is always a calculation to be macle for every ’

i

‘ 6 expe— -
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V experiment when the legs of the inflniment are of une-
qual bores, I would recommend it to the makers of thefe

inftruments, to make ufe of tubes that are equal, or at

" leaft nearly fo, that the error may become next to no-
' thing, it being a thing very eafy to be done. In this

manner we can readily determine the greatefl force,which

the wind has blown with, during the time the inftrument
' has been expofed to its action. But as it may be fafely

~
left alone, by fcrewing its fpindle into the proper hand,

or into the top of a poft, and as the wind never fails

to turn the mouth of it towards itfelf, it is not neceffary

for the obferver to continue always by it
;
for it may be

allowed to Hand all night, expofed to the wind, without

any inconvenience, though it fliould even happen to

rain very heavily. However, recourfe can only be had

to this method of uling the inftrument on lliore : for at

fea it muft always be held up in a perpendicular pohtion

in the hand, whether it be ufed when only half full of

water, or when quite full; which lafl will be frequently

' found to be the only pradticable method of afcertaining

the force of the wind during the night, when it blows fo

* hard that it is dmpofiible to keep any lights on deck.

A perfon filling the wind-gage, in a calm place, with

water, in . order to determine the force of the wind, in

the way which I have been juft now defcribing, will be

. apt to imagine, that it cannot give the meafurement cor-

, re6i ; for he will find fuch a repulfion to arife from the

f edges of the hole g, as to fuftain a column of water in

the kneed or bent tube, perhaps half an inch above the

level;
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level : but by either blowing acrofs the round hole, or

moving his finger over it, he will foon bring the water

in the kneed tube to fiand at the fame level with it, by

taking off gradually the convex fuface of the water,

which projeffs out at the hole in the form of a drop or

fpherule. And this effeft the wind very foon produces

itfelf. There ought always to be a cover on the top

of the tube out of which the water is expelled by the

wind; but it fliould be made very thin. For if there be

no fuch cover, and the mouth of the kneed tube be ftop-

ped, after the inffrument is quite full of w'ater, in order

to prevent the wind from having any influence in raifing

it, you will find, upon expofing it to a ftrong gale, that

in a very fhort time it will blow out perhaps half an inch

of water. Whence it appears, that a very confiderable

error would arife from ufing the wind-gage in this ftate.

But in all the experiments which I have made with

this inftrument, whilft it had the cover and the round

hole of -i^ths of an inch in diameter in the middle of

it, I have not been able to difcover any error. The
ufe of the fmall tube of communication a b (fig. i .) is to

check the undulation of the water, fo that the height of

it may be read off from the fcale with eafe and certainty.

But it is particularly defigned, to prevent the water from

being thrown up to a much greater or lefs altitude, than

the true height of the column, which tho wind is able at

that time to fuftain, from its receiving a fudden impulfe,

whilft it is vibrating either in its afcent or defcent. For

water in the legs of a fiphon is capable of being puti

VoL. LXV. C c c into
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into a vibrating motion like a pendulum r^*;; and there*

fore, if a6ted upon ’when in the afcent, the height which

it afcends to will come out greater than the truth
; and

lefs, if adted on in the defcent.

The height of the column of water fuftained in the

wind-gage being given, the force of the wind upon a

foot fquare is ealily had bythe following table, and con-

fequently on any known furface.

TABLE
Height of the Force of the wind on Common defignation of

water in the the foot fquare in fuch a wind.

wind-gage. avoirdupois pounds.

12 inches 62,5

1

1

57^293
10 52,083

> moll violent hurricane.
9 46,875 J

8 41,667 very great ditto.

7 36,548 great hurricane.

6 3 Ij75 hurricane.

5 26,041 very great llorm,.

4 20.833 great ditto.

3 13.625 llorm.

2 10,416 very high wind..

I 5^208 high wind,.

O7 2,604. brilk gale.

? 52 I frefh breeze..

0^ ,260 pleafant wind.

04^0 ,130 a gentle wind.

(aj neWTONI Priacip. Mathemat. lib, II. prop. xliv. theor. xxxv.

EXAMPLE.-
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EXAMPLE.

If it were required to know the force of the wind,

when the column of water fuftained was equal to

inches. Then, by tab. i.

Pounds.

4 inches = 20,833^

o,5orYinch= 2,604

0,1 = 0,521

Sum 4,6= 23,958 =force on every fquare foot^

Any change that can happen in the fpecific gravity

of the water from heat or cold, will make no fen*

lible alteration on experiments made with this inftru*

ment.

A cubic foot of water is generally fuppofed to weigh

1000 Avoirdupois ounces; and from fome experiments

made by Mr. musschenbroek it would appear, that be*

Cwixt freezing and boiling, or in 1 80® on Fahrenheit’s

fcale, it increafes only ^ = ,0117 of its whole bulk, or

volume w. I cannot, however, find any author that men*
dons at what precife degree of heat a cubic foot of water

was weighed. Mr. Fahrenheit indeed made feveral of

his curious experiments on the fpecific gravities of bo*

dies when the water raifed his thermometer to ^S°cOi

Now if we fuppofe the greatefi: heat of the water which

(b) MUsscHEN. Introd. ad Philof. Natur. tom. II. p. 625.

(c) Philofophical Tranfadions, N° 383.

C c c 2 we
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we make ule of in the wind-gage to be 90°, which ex-

ceeds 48° by 42, the greateft change produced will be

only ,0027 or ji— parts of the whole. So that if the alti-

tude of the column of water fullained by the ^ ind were

even to be five inches, the part of this effecfi, arifing

from the diminution of the fpecific gravity of the water,

occafioned by the greatefl heat, will only amount to

0,0135, or parts of an inch, a change which can-

not be meafured by the inftrumcnt. It may be fome-

times neceflary to employ other fluids befides water, par-

ticularly if the degree of cold be below freezing: for

then we muft ufe a fluid that will not freeze in the de-

gree of cold in which we expofe the inftrument, other-

wife the wind can have no influence on it, and the liquor

freezing in the tube will break it. I fliall, therefore,

mention a few liquors in the following table that will

anfwer the purpofe, as alfo fubjoin a general method of

reducing them all to one common meafure. But of

all the fluids I am acquainted with, when the effeds of

froft are to be feared, I know none better adapted to our

purpofe than a faturated folution of fea-falt ; fince it does

not freeze till the thermometer falls to o degrees, and is

a fluid conftantly of the fame fpecific gravity. Spirit of

wine, independent of its being more variable in refped:

of fpecific gravity by the influence of heat and cold, is

alfo wiore or lefs fo, as it is more or lefs refliified. And

although the true fpecific gravity were known at the

beginningof the operation, it would even change during

the time of ufing it, by imbibing moiflure from the air. -

7 Let
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Let w reprefent the weight of a column of water,

having its altitude meafured by one of the divilions on

the fcale, and its bafe to any given furface whatever;

and let n denote in general the number of thefe divi^

lions which meafures the whole length of the column

of the water which the v/ind fuftains. Then nw v/ill

reprefent always its weight, and will ferve as a common.
multipUer for the fpecific gravities of all other liquors,.

TABLE
Names of liquors. Specific

gravities.

Water, 1,000

Sat fol. of fait, 1,244
Urine, 1,030

Ditto, 1,016

Alkohol, 0,825

Proof fpirits. 0,927
See. &c.

Common: Weight mealuring the

multiplier. forces of the wind.

nw
1,244 ^

1,030 X nw
j* nw 1,016 X nw

0,825 ^

0,927 X nw'
&c. See..

EXAMPLE*.

Let w reprefent the weight of a column of water'

—th of an inch high, Handing, on a fquare foot; and
let 80 = 4 inches,. Then (by tab. i.), is equal to

20,833 Avoirdupois pounds. Therefore 1,244x20,833
=weight of a faturated folution of fea fait of the fame
altitude, and = the altitude of a column of a faturated

1,244

folution of the fame, weighing 20,833 pounds Avoir-

dupois^
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dupois. w may reprefent a fquare yard, the furface of

a fail, 8cc.

If the velocity and denlity of the wind in any parti-

cular cafe were accurately determined, this inflrument,

which gives its force or momentum^ would enable us to

afcertain the velocity in every other cafe, the denlity be-

ing known. For it appears from experiments, made by

Mr. JAMES FERGUSON, F. R. s. Oil the w'hirling-table,

that its force is as the fquare of its velocity. But as the

denlity, which is one of the data requilite for determin-

ing the velocity by this inftrument, was not taken into

conlideration in thefe experiments, all that we can do at

prefent is to fuggeft the idea.

It may not, perhaps, be improper to take notice, that

evaporation will have fome elfe6l in diminilliing the al-

titude of the column of water ; though its influence, for

the moll part, will be very inconliderable. The more

frequently, therefore, the inftrument is examined, it will

be fo much the better. If it be expofed to the a6lion of

the wind, whilft it happens to fnow, it will be necelfary

to look at it frequently, leaft the fnow lliould choak up

the mouth of the wind-gage.

Extract of a letter from Dr. lind to Col. roy. Dated

Edinburgh, May 26, 1775.

The wind-gage ought tobe fomewhat longer than that

I lately fent Sir JOHN pringle. For we had a gale here on

the 9th current, which fupported a column of water

of
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of 6-i inches, whereas that I fent was not fo long. The'
force of this gale on a fquare foot was equal to 34,921
pounds Avoirdupois, and it has done great damage to-
our gardens. Weft India hurricanes would require gages,
of a ilUl greater length to meafure them..

XXXV. 4/lro~-
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XXXV. AJlronofnical Obfervatiojis made By

the Reverend Mr. Ludlam, Ficar of Norton, near Lei-

cefter. Communicated by the Aftronomer Royal.

\

Redcle, May ii, 1775-

OBSERVATIONS FOR DETERMINING THE LATITUDE OF

THE PLACE.

Zenith diftaiices taken with an eighteen inch quadrant,

made by bird.

0 Draconis y Draconis

on quadrantal arch on quadrantal arch.

1774 -

Degrees

m!s.
Parts.

S. V.

Degrees.

D. M. S.

Parts of 96.

P. S. V.

July 2 9 32 I 5 f
I 6 40 I 1 7t

10 9 20 I Si I 6 34 I I 7i

H 9 20 I Sr -I 6 34 1 I 7I

9 20 J si I 6 28 I I 7i

20 9 20 I si I 6 27 I I 7t

Mean 9 22,4 I 5ii I 6 32,6 I I 7A5

On arch of excefs. On arch of excefs.

lune ^50

M. S.

8 58

S. V.
I 4i

D. M. S.

I 612
P. S. V.

I I 6|

July 4 8 50 I 4i 166 I 1 6J

9 S 58 I 4i 164 I I 6|

16 8 58 I 4i 166 I 1 6§

18 8 58 I 4i 166 I I 6J-

Mean 8 56,4 I 4i 1 6 6,8 I I

by the eye.
Reduce
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Reduce the parts of 96 to degrees, and take the mean
between the zenith diftances fliewn on each fcale, and

the zenith diftance of ^ Draconis on the quadrantal arch

/ // / //

will be 9 21,7, and oil the arch of excefs 8 54, whence
/ n

the true zenith diftance is 9 7,8, and the error of the
//

line of collimation 1 3,8, to be fubtradled from the num-
bers fliown on the limb of the quadrant. In like man-
ner we fliall find the true zenith diftance of y Draconis
0 / // //

1 6 1 9,8, and the error of the line of collimation 13,5.

If we fuppofe the apparent declination of /3 Draconis on
o / H

July 1 2th to be 52 28 52,3, that of y Draconis
o f it

51 31 41,7, we have the latitude from the former

52° 38', and from the latter 52° 38'

N. B. Some obfervations on thefe two ftars in July

iJTii give the fame latitude within lefs than but

make the error of the line of collimation 23'^ to be fub-

tradted. I fufpedl the line of collimation is liable to

fmall variations in portable quadrants, if not in all.

Zemt^iVoL. LXV. D d d
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Zenith diftances of a Herculis with the flate of the

barometer and thermometer.

1774- Degrees. Parts of 96.- Barom. Therm.

June 50

D. M. S.

37 57 36

P. S.V.

40 3 14I

Inches.

29.7

Degrees.

5«

July 2 37 57 46 40 3 » 4i 29,8 65

4 37 57 40 40 3 142 29»7 56

9 37 57 41 40 3 i 4f 29,7 55

10 37 57 36 40 3 14J 29>7 55

16 37 57 36 40 3 Mr 30>o 65

18 37 57 32 40 3 144 30.0 56

10 37 57 32 40 3 i 4t 29,8 58

Mean 37 57 37>4 40 3 HH 29,8 58,5

The mean of the zenith diflances lliewn on the twa
o / // //

fcales of divihons is 37 57 32. Add for refradlion 43,4:
y/

fubtra(ft for line of collimation 13,6: and we have the

o i a

true zenith diftance 37 58 1,8. Suppofe the apparent de-

o y //

clination of a Herculis on July i 2th to be 14 39 58,5,

we have the latitude 52° 38'.

Zenith
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Zenith diftances of the Pole-Star.

1774- Degrees. Parts' ot 96. Barom, Therm.

Nov. 10
D. M. S.

3S 27 56

P. S. V.

37 91-

Inches.

30.05

Degrees.

31

1

1

35 27 55 37 6 9I; 29,87 32

35 27 ^6 37 6 91- 30,20 34

Mean 35 27 55>6 37 6 9i 30,04 32,3

Dec. 6 35 28 8 37 6 lof 30,27 30

IS 35 28 4 37 6 loi 30,03 44

Mean 35 28 6 37 6 lo-ri^ 30,15 37

Dec. 1

2

39 *5 0 41 6 14I 29,83 44

*3 39 *5 4 41 6 15 28,86 44

39 IS 0 41 6 14I 30,08 38

Mean 39 15 i’3 41 6 144 29.59 42

Take the mean between the two fcales of divifions,.

and we have the mean zenith diftances, as follows

:

Days of the month. Obf. zenith dift. Cleared of retr.

Nov. 10 II 13

Dec. 6 15

Dec. 12 13 15

D. M. S.

35 27 49,5

35 28 0,3

39 14 59,3

D. M. S.

35 28 33,3

35 28 44,

39 15 46,7

The mean zenith diftance of Nov. i o. 1 1 . 13. cleared

Oft/ //

of refradlion, is 35 28 33,5. To this add 7,5 for the

increafe of apparent declination between Nov. 12. and

Dec. 1 2. and we have the zenith diftance on Dec. 1 2. (as

derived from the obfervations in November) 35° 28^4

D d d 2 The
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The fame from the a6lual obfervations on Dec. 6. and 1 5

.

is 35° 28^44^'. The mean of thefe two, corredted for the

line of collimation, gives the true zenith diftance above
o / //

thepole, 35 28 28,9. The obfervations of Dec. 12.

13.15. cleared of refra61;ion and corredted for the line of

collimation, give the true zenith diftance below the pole,

o y // o / //

39 15 33,1, whence the latitude 52 37 59, and the ap-

0 y //

parent declination of the pole ftar,Dec. i 2th, 88 6 27,9.

From all thefe obfervations we may conclude the latitude

of (St. Martin’s church in) Leicefter is 52° 38V within

very few feconds w. From fome obfervations made with

an HADLEY'S quadrant of fix inches radius, and given

in the Tranfadtions for 1769, I made the latitude only

52° 37' 3'^; but thofe obfervations cannot be fet in com-

petition with thefe, either for weight or number.

Occultations of y and cx. Tauri, obferved at Leicefter,

Nov. 18, 1774.

Time
hj the dock.

H. M. S.

Emerfion y Tauri, vi 27 10

Immerlion « Tauri, Touched the limb, xiv 59 26

Vairifhed, xiv 59 30

Emerfion « Tauri inllantaneous,. xyi 12

(it) The obfervations were made in Wigfion’s holpital adjoining to the. church.

The
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The following obfervations ferve to examine the clock.

Tranlits of the Sun.

Day ot the

IMonth. I ft wire.

Time ct the Clock.

Meiidian. 3d wire.

1774- I\J. S. 'h. M. S. M. S.

Nov. 17 43 35 XXI II 44 24I 45

45 54 46 43 47 30

18 43 50 XXIII 44 39 45

46 8f 46 57 47 44

Hence rate of going was conformable to mean;

time.

Zenith clillances taken with the eighteen inch quadrant,.,

to afcertain the abfolute error of the clock, Nov. 1 8..

Barometer 29,6 inches. Thermometer 33°.

j

Time by clock. Degrees.
j

Par s of 96. [ Object.

n. M. S. D. M. P. S V.
vm 0 0 67 71 5 6 )

2 46 67 35i 72 0 I3r
f a Aquil^.

12 15 68 59 73 4 1

1

I
>4 37 69 20 73 7 lOj

r a, Aquila?.

48 4 56 45i 60 4 sf
]

55 56 20-^ 60, 0 i 3f > a Tauri.

53 23 55 S9r 59 5 13 J

XI I 57 55 21 59 0 5
1

3 54 55 3 58 5
12 :

f /3 Gcmlnoriim.

6 35 54 39 58 2 5 J

XVI 26 33 58 45t 62
5 7

-J

29 49 59 14I 63 I 8

33 9 59 44 63 5 12
» ct Tauri.

36 15 60 Ilf 64 1 10

From'.
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From the mean of the two firft zenith diftances at

OL Aquilae the clock will be found to be flower than mean
time 14". By the fecond pair of a Aquilae, 1 3". By the

next three zenith diftances of ol Tauri, 1 3". By the next

three of ^ Geminorum, 1 6", By the laft four of u Tauri,

//

17^^; the error of the line of collimation being 13,6 as

//

before. The mean of all thefe gives the clock 14,6

ilower than mean time. Hence,
Solar time.

H. IM. S.

Emerfion of y Tauri, vi 41 48,4

Immerfion a Tauri. Touched limb, xv 13 59,6

Vanilhed, xv 14 3,6

Emerfion a Tauri, inftantaneous, xvt 27 10,8

The emerfion of oc Tauri was obferved at Greenwich
h

/ H

at xvi 34 36,8 folar time.

N. B. The immerfion of ^ Tauri (behind the Moon)

which was obferved at Leicefter, April 28, 1770, at
h

y //

IX 45 44 folar time, was alfo obferved at Greenwich at
h

/ //

IX 51 28,6 folar time. See Phil. Tranf. for 1770.

XXXVI. Some
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XXXVI. Remarks and Confiderations relative to,the Per^

formance of Amputation above the Knee^ by the fin-

gle circular Incifion. By Benjamin Gooch, Surgeon at

Norwich.

Rfcitie, May 19,y April, 1774 ,
I was afked,, in confnlta-

“ ' A tion with feveral other furgeons, in the.

cafe of a bad leg, in, a lad of about fifteen years of age,

belonging to the Belchamp-houfe of Induftry, in the

county of Suffolk. The propriety of the operation above:

the knee was indifputable
;
and the fingle, inftead of the.

double, incifion, which I propropofed to the confidera-*

tion ofmy brethren, was unanimoufly affented to, and

done in the following manner.

Afterdrawingup the teguments as far as could be done,,

fixing them tight and very exacSlly with a narrow^ band

before ftraitening the toiirniquet ligature, the operation

w'as performed by Mr. revans, of Halefworth, who
made the incifion quick and with great exadtiiefs, quite

round to the bone, fteadily at once
;
rather lower pofler:

orly and internally than anteriorly and externally^ as the.

(a) The band may be about an inch broad, made of firm lin.cn cloth or

thin leather, fpread with common plafler; and in order to increafe its power, it.

may have a llit in the middle, and be ufed like the uniting bandage,

2 band
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band directed, in confideration of the dilferent attach-

ment of the mufeJes, Thefe were then carefully dif-

fedted from the periojieiun^ and drawn up ^^'itli the re-

traftor, as I formerly deferibed; fo that after the v.fe of

the faw, the end of the bone was lodged full two

inches in the mufclesrn. This manner of operation

lucceeded to our wdlli
;
leaving a flat, even Hump, which

vvas completely cicatrized in lefs than two months; and

with but little exfoliation from the bones, as Mr. re-

vans informed me: fince that, he affured me, that it

was the beH Hump he had ever feen, w'hich he aferibed

to the manner of amputating, and the treatment after-

wards.

The following method in this cafe was ufed to keep

down the teguments and mufcles, during the cure of

the Hump, which I have pra6lifed more than forty years,

jmuch to rny own fatisfadlion, and the approbation of

many ofmy brethren. As foon as the tenHon is over,

and the wmund well digeHed, I apply a circular plaHer,

moderately adhefive, four or five inches broad, wdth great

exadliiefs, near to the edge of the wound; and then

(h) See Chapter upon Amputations in my Cafes and Remarks in Surgeiy,

nedit. 2.; and what M. Louis fays upon this fubjeft, in the Mem. de I’Acad.

Roy. de Chirurgle, tom. II. etIV. In the latter of which, this eminent furgeon

mentions hk having had compreffion fuccefsfully made upon the crural artery in

tlie groin, in fome amputations that he performed, where there was not room to

apply the tourniquet to the thigh. The celebrated M. petit, many years ago,

preferved the life of a gentleman, by inventing a machine to ferve fuch a purpofe,

on account of a haemorrhage, twenty-one days after having had his thigh ampu-

Xated higher up than ordinary.

affix
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affix to the whole breadth of it, at due diftances, fix

ftraight ftraps of the fame kind of plafter, of fuitable

dimenfions, with flits in half of them, for their oppo-

fites to be pafled through over the neceflary drelfings

;

and an eafy well-adapted comprefs of a fufficient thick-

nefs, having a piece of ftifi paper on the outfide of it

;

directing an affiftant to thruft gently and evenly down,,

with both hands, the teguments and mufcles, w'hilft

I draw the ftraps properly ftrait, and fecure the ends

of them when refledted, with a narrower circular plafi-

ter. All this can be eafily removed, and occafionaliy

renewed at the time of dreifing, letting the other circular

plafter remain without renewal, as long as its adhefion

effeftually anfwers the purpofe. And after proceeding

in this manner, I generally find a cap fufficient, with-

out any bandage

This is not the only inftance in which I have had good

reafon to approve the Angle incifion
;
and fliould it be

found, by fufficient experience, to anfwer the end in ge-

neral, but as well as the double, in preventing a conical

ftumpw, as mentioned in my Cafes and Remarks in Sur-

gery, it will indifpurably deferve the preference; and

though, fromwhatl have obferved, there feldom is much
projection of the bone attending the double incifion,

-

(c) When I made fome remarks upon amputation formerly, I fliould have

advifed this method, from its great utility experienced in m^ny inftances.

(d) I have been informed, by good authority, that a refeftion of the bone

is no uncommon praftice at Paris, to remedy this inconvenience,

VoL. LXV. E e e when
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when it has been properly made, and the cure of the

wound judicioufly conducted; yet I have fometimes ob-

ferved, notwithltanding the utmoft judgement and at-

tention, fome appearance of want of mufcular fubftance

to form a Avell-fliaped ftump. And in whatever method

an amputation has been performed, a very ftrait ban-

dage fhould by all means be avoided in the fubfequent

treatment of the wound, for obvious reafons; namely,

becaufe it obftru6ts circulation, and is an impediment to

nutrition. The condition of the patient, the ftate of

the limb, and the part of it where the operation is fome-

times found abfolutely neceflary to be performed, with

other concurring circumftances may prevent the forma-

tion of a good Hump under the moft fkilful manage-

ment, whether the lingle or double incilion v/as prac-

tifed, according as the furgeon fliall find reafon to de-

termine his choice, by duly exercifing his judgement

in this nice point. Conlidering the different degrees

of attachment and adhelion of the mufcles, by means

of the cellular membrane, if kept firmly together with

the ftrait narrow band, as has been deferibed, it is evi-

dent, they will be more evenly and regularly divided

by the fingle than by the double incifion; for when the

mufcles are laid bare, if a ftimulus of any kind is ap-

plied to their fibres, it is evident, they will contrail more

or lefs, according to their different attachments, and dif-

ferent degrees of irritability : and for this reafon an even

fedtion will not eafily be effected, unlefs the whole inci-

lion
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fion be made at once, and as it were in an inftant, fo as

not to allow fufficient time for the irritation of the knife

to take effedl upon the bare mulcles (O.

(e) See two Differtations, lately publiflied by my ingenious friend Dr»

KIRKLAND, of Afhby de la Zouch; the one upon the Brain and Nerves; and

the otlier on the Sympathy of the Nerves, and Irritability. I am alfo inclined

to think, and not without the authority of experience, that amputation below the

knee, by the fingle incifion, may be found preferable; obferving what has.beea

mentioned, and cutting the gajirocnemius mufcle a little fliorter than the other

mufcles, as Mr. sharp direfts in his Chirurgical Operations,

E e e a XXXVII. Con-
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XXXVII. Concerning Aneuryfms in the ^bigh. By Benja-

min Gooch, Surgeon at Norwich.

Redde, May 19, the calc defcribcd in the preceding pa-

per, we obferved a divilion of the femo-

ral artery into two trunks of equal lize, running parallel,

and fo near together, as that we could conveniently in-

clude them in one ligature with the needle, avoiding the

nerve, after railing them up with the difledling forceps,

by a fmall portion of the connedting cellular membrane.

And here we found no occalion to take up any other vei-

fel. This makes the third inllance in amputations of

the thigh, in which I have obferved fuch a lujus natura

in the arterial fyllem; hence I am inclined to think it not

improbable that this has often happened, though I do

not find it has been noticed by any other furgeon. The
remark may prove of fome pradtical ufe, as I have hinted

in my Treatife on Wounds, p. 78. in refped: to aneu-

ryfms in the thighs. It might indeed reafonably be

feared, where there is only one trunk of the femoral ar-

tery without a divilion, which is commonly fuppofed

to be the general cafe, that the lateral and communi-

cating branches would not fufficiently enlarge, to carry

on the circulation of the blood, and preferve the life and

ufe of the limb after the operation for an aneuryfm.

2 This
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This point feems worthy of particular confideration
; and

indeed it proved the fubjedl of fome controverfy, in the

cafe of an aneuryfm about four inches above the knee of

a healthful young man (fuppofed to proceed from a fall

a year before) in which my opinion was afked. Some
months after, one of the furgeons concerned in the con-

fultation told me, there appeared at this time no hopes

of fucceeding by the operation for the aneuryfm
;
and

but little of faving the patient’s life by amputation.

It is not to be expelled that an operation of this nature,

fo very precarious in this part, fhould in every inftance

be attended with the fuccefs, which Mr. Leslie, an emi-

nent furgeon atCorke,had the fatisfadlion to experience,

in a cafe, which is related in the Medical and Philofophi-

cal Commentaries of the Edinburgh Society, N° VI. p.

176. § 2. The furgeon, however, ought by no means to

incur cenfure for the unfortunate event, after having

taken all prudent and probable meafures, to preferve his

patient’s limbr**;.

(a) The celebrated cyprianus, who was profeffor of anatomy and furgery

in the univei'lity of Franeker, and the moft famous lithotomift of his time, after

fuccefsfully performing the Caefarian operation at Lewarden, in which he found

the foetus in the right Fallopian tube, wrote a letter, upon that occafion, to

Sir THOMAS MILLINGTON, phylician to Charles II. ; and afterwards he

happily cut that eminent phyfician for the ftone, at the age of fixty-elght, in

London. In \vhich letter, he earneftly admoniflies furgeons not to be intimidated

by threatening profpefts, from undertaking dangerous and difficult ""operations,

lell their reputations fliould futfer for want of fuccefs. This letter, written in

French, conlifts of feventy pages, containing much folid, praftical knowledge

and was annexed to belloste’s 4th edition of his Chirurgien de rFIopital,

printed at Amftcrdam in the year 1707.

From
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From thefe confiderations, I communicated my
thoughts upon this fubjedt to fome of my brethren,

wiihing to have experiments made upon brutes, that

might afeertain as far as poffible, by analogy, a matter

which appeared to us of great importance
;
and this mo-

tive induced one of them, with the affi fiance of a perfon

of fuperior knowledge in the anatomy and dileafes of

horfes, to refolve upon diffe6ling out of the thighs of a

horfe and a dog, the firfl opportunity that offered, the

trunk of the artery to the length of two or three inches

;

to obferve whether there was fuch a divifion of it, as I

have remarked in the human fpecies
; and then to treat

the wound as after the operation for an aneuryfm, at-

tending particularly to all the confequences. This kind

of lufus naturae has been often found in the humerus^ by

anatomiffs. After having engaged my friends at Nor-

wich in this purfuit, fomething happening to prevent

their carrying the delign into execution fo foon as they

intended, determined me, with the affiffance of Mr. re-

vans, whom I have mentioned before, to make the ex-

periment upon a full-grown young fpaniel, and to keep

a journal of the occurrences in confequence thereof.

On January the 19th, 1775, we performed the ope-

rationwith very little trouble, having fecurely bound the

animal to prevent interruption. We defignedly includ-

ed in the ligatures, with the trunk of the artery, a lit-

tle above the middle of the thigh, the vein and nerve ac-

companying it, in order to render the experiment more

decifive,
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decifive, if it fucceeded, than it would have been, had

the artery alone been taken in. We difcovered no di-

vifion in the trunk of the artery like what I have ob-

ferved ; and having made the wound of a fufficient ex-

tent, we fucceeded at once in palling the ligatures with

the needle, without the leaft haemorrhage. The wound
was anointed with frefh hog’s lard, to tempt the dog

the more readily to lick it; and this application was

often repeated, having at the fame time the whole

limb embrocated with linimentum volatile^ which was

well rubbed in. After the operation, the dog fliewed no

figns of great pain, had no fpafmodic motions in the limb,

but made no ufe of it, and we could feel no pulfation be-

low the ligatures. On the 20th, nothing appeared wor-

thy notice, only that there was a warmth throughout the

limb, nearly to the fame degree as in the other. 21ft,

A little oedematous fwelling appeared upon the leg
; in

other refpedts, as yefterday. 2 2d, Same appearances

as yefterday
;
begun to move the limb. 23d, Moved

the limb rather more; wound looked well. 24th,

Moved the limb more than yefterday; wound well di-

gefted; oedematous fwelling lefs. 25th, The upper

ligature came off; no hemorrhage enfued. 26th,

Wound in a healing ftate; he began to ftep upon the

limb; oedematous fwelling quite difperfed. 27th, All

appearances favourable. 28th, The other ligatures

came off, without any oozing of blood. 29th, The
wound contradled into a narrow compafs, by virtue of

his
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his own balfamic tongue no other application was
made' to the wound or limb than mentioned at firft.

30th, No material alteration. 31ft, He ufed the limb

almoft as well as the other. Feb. 9th, Dr. d’up.ban, of

Halefworth, who attended to the fequel of this experi-

ment, ftridlly examined the limb with Mr. revans and

me
;
and we could feel no pulfation of the trunk of the

artery in the fpace, nor in the low^er part of the limb, after

the wound had been perfectly healed fome days. The
dog was then remarkably brifk and lively, and as active

as ufual, without any impediment in the motion of the

limb
;
and no fwelling remained in any part of it.

We kept the dog alive till the 25th of March, and

examined the limb attentively from time to time, ^vith-

out finding any vifible defedt in it, or want of fenfa-

tion. Then, it not being likely that any thing more
remarkable fhould appear, while he lived, we had

him killed for farther inquiry. We had an apparatus

ready for injedlion; but upon confideration, that care-

fully diffedling out the parts wherewe had performed the

operation, and then carefully examining them, might

more effectually anfwer our intention, we omitted the

ufe of it. We did not find the artery divided into two

equal branches, as I have mentioned and defcribed in the

human fubjeCt; but a ramification evidently appeared to

(h) See M. belloste’s Differtation upon the healing Virtue of a Dog’s

Tougue, in vol. II. of his Hofpital Surgeon. See alfo the note at p. 173. of

my Cafes and Remarks in Surgery, edit. 2.

us
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ns mnch enlarged, by what we obferved in the other

limb, which departed from the trunk at an acute angle,

juft above wherewe paffed the upper ligature in the ope-

ration; and the fpace between the two ligatures was filled

up with a fleftiy fubftance. Dr, d’urban was alfo pre-

fent at this examination.

VoL. LXVo F f f XXXVIL Ar
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XXXVni. An Account offurther Dlfcoveries in Air, By

the Rev. Jofepli Prieftley, LL.D. F. R. S. in Fetters to

Sir John Pringle, Bart. P. R. S. and the Rev. Dr,

Price, F. R. S.

LETTER L

TO SIR JOHN- PRINGLE, BART. P. R. S.

DEAR SIR, March 15, 1775.

Redde, May 25, f f AVING been pretty fortunate in the

profecution of my experiments on dif-

ferent kinds of air, hnce the publication of my treatife

on that fubjedt, I think it due to the attention with which

you have from the firlt honoured them, to give you fome

account of what I have lately done. I know that every

new difcovery, in any branch of natural knowledge,

gives you pleafure
;
and it is peculiarly flattering to me,

that you conflder fome of thofe, wdrichlhave been happy

enough to make, in a light of fome importance. As I

have materials enough, for another feparate publication, I

fliall not trouble the Society with a particular account of

my obfervations
;
but if you think proper to communicate

to them the following very general account, as a mark

of my refpedl for the Society, as well as for yourfelf, you

I ’ will
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will add to the many obligations you have conferred
upon me.

To the marine acid air, which I had difcovered at the
time of my former publication, I have now added three
more

; viz. the vitriolic, the nitrous, and the vegetable.
The vitriolic acid air is produced by boiling in oil of vitriol

any inflammable matter, or almoil: any thing that contains
phlogiJion\ as oil, camphor, fpirit of wine, charcoal,
and moil; of the metals. For though this acid feems to
have no affinity with fome of thefe fubftances wffien it

is cold, it affedls them confiderably, and particularly
phlogi/lon from them, when it is hot; and by means

of the phlogijion, of which it deprives them, it is early
made volatile, fo as to affiime the form of a traiifparent
air, like that of the marine acid

; being as readily im-
bibed by water, and as readily forming a white cloud
upon the admiffion of alkaline air. But the affinities
of the vitriolic acid air with various fubftances, and many
of the phsenomena attending it, are ftrikingly different
from thofe of the marine acid air. 1 thought it a little

ftngular, that the folution of iron, zinc, and tin, in a di-
luted vitriolic acid ffiould yield inflammable air

; and that
when boiled in the fame acid concentrated, they fliould
chiefly yield acid air, which is not at all inflammable,
and cannot be confined by water. This, however, is in
faff the produce of the procefs; and the very fame as
when copper, filver, or quickfilver is boiled in the fame
acid. From gold, platina, or lead, I was. not able to pro-
cm-e any air at all by this means.

F f f 2 The
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The vegetable acid air is as eafily procured from the

Concentrated vegetable acid, as the marine acid air is from

ipirit of fait; and, I think, in greater quantity. This air

alfo is perfectly tranfparent, is inftantly imbibed by wa-

ter, and makes a white cloud upon the admiflion of alka-

line air ;
though feveral of its properties are exceedingly

different from thofe of the marine or vitriolic acid airs.

The nitrous acid 1 have exhibited in the form of air,

though only, as it were, for a moment
;
fince no fluid,

that I am acquainted with, is capable of confining it.

^he more I confider the nitrous acid, the more wonderful

and inexhauftible the fubjecfl appears. The kinds of air

which it forms, according to its various combinations

with phlogijlon^ are, 1 believe, more numerous than all the

kinds that can be formed by the other acids. Majiy of

the phaenomena which have lately occurred to my ob-

fervation relating to it are, to me, altogether inexplica-

ble ;
though I perceive certain analogies among fome of

them. Upon this flibjecfl; I fliall have a pretty long chap-

ter. But, to avoid being tedious at prefent, I lhall only

obferve, that by boiling various hard fubffances contain-

ing phlogijlon^ and efpecially charcoal, in the nitrous

acid, I get genuine nitrous air, the very fame that J get

from the folution of various metals in that acid. At

the time of my laft publication I had not a large burning

lens ; and as the focus of the mirror cannot be thrown

upon any thing in the form of a powder, or that requires

a folid fupport, my experiments with the folar rays were

exceedingly incomplete. I have now procured one of

twelve
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twelve inches in diameter; and the ufe of it has rnore

than anfwered my highell expe<^i;ations. The man-
ner in which I have ufed it, has been to throw the

focus Upon the feveral fubftances I wifhed to exa-

mine, either in vacuo, or when confined by quickfil-

ver, in veflels filled with jthat fluid, and ^Handing ^ith

their mouths rmmerfed in it, I prefently found that

different fubftances yield very different kinds of air by

this treatment; and though the reafons,,or analogijg^rpf

the different produdts, in many of the cafes, be fufli-

ciently obvious, and fuch as I had conjectured a pridri,

yet in other cafes I am not a little puzzled and furprized.

Various metals yield inflammable air, by this procefs ; fe-

veral faline fubftances yield fixed air; many metallic

calces yield the fame, and fome of them a phlogiJHcated

common air; and fome of the precipitates, in which the

nitrous acid was employed, yield nitrous air, in one or

other of its forms. But the moft remarkable of all the

kinds of air that I have produced by this, prqpefs is, one

that is five or fix times better than common air, for the

purpofe of refpiration, inflammation, and, I believe,

every other ufe of common atmofpherical air. As I

think I have fufliciently proved, that the fitnefs of air for

refpiration depends upon its capacity to receive the phlo^

gijion exhaled from the lungs, this fpecies may not im-
properly be called, dephlogijlk^l^d air. This fj^ecies of

air I firft produced from mercurius calcinatus perfe, then

from the red precipitate of mercury, and now from
red lead. The two former of the fubftances yield it

pure;
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pure ;
but the red lead I have generally met with yields

a greater proportion of fixed air along with it. Another

quantity, however, gave this air and hardly any thing

elfe. On what this difference depends I cannot tell; but

hope to be able to inveftigate. That this air is of that

exalted nature, I firft found by means of nitrous air,

which I conftantly apply as a tefi; of the fitnefs of any

kind of air for refpiration, and which I believe to be a

moft accurate and infallible tefi: for that purpofe. Ap-

plying this tefi, I found, to my great furprize, that a

quantity of this air required about five times as much

nitrous air to faturate it, as common air requires. Com-

mon air is diminifiied about one-fifth, by a mixture

of one-half nitrous air; but one quantity of this air was

diminifiied one-half, and another two-thirds, by the ad-

dition of twice as much nitrous air
;
and three times tne

quantity, left it little more than it was at the firft. A

candle burned in this air with an amazing ftrength of

flame; and a bit of red hot wood crackled and burned

with a prodigious rapidity, exhibiting an appearance

fomething like that of iron glowing with a white heat,

and throwing out fparKS in all direflions. But to com

plete the proof of the fuperior quality of this air, I in-

troduced a moufe into it
;
and in a quantity in which, had

it been in common air, it would have died in about a

quarter of an hour, it lived, at two different times, a

whole hour, and was taken out quite vigorous ;
and the

remaining air appeared to be ftill, by the tefi; of nitrous

air as eood as common air. This experiment I alfo re-

’ peated,
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peated, and with neaiiy,the fame fuccefs, with another

moufe, and another quantity of this air, the virtue of

which had been impaired. Examining all the degrees

of the calcination of lead, I found nothing but fixed air,

or a little phlogijiicated common air, till I came to majli-

cot, which is a ifate that precedes the red lead. This gave

air about twice as good as common air, and the litharge,

which follow’s the red lead, ga^e fixed again. Pmman
vitriol and fedative fait yielded air which was, as nearly

as. pOlfible, of the fame degree of purity with common
air. My conjedtures concerning the caufe of thefe ap-

pearances are as yet too crude to lay before the Society.

My prefent ideas of the lafi: mentioned fadts are, that,

together with other obfervations which I Ihall lay before

the publick, they afford fome foundation for fuppofing^

that the nitrouswcid is the balls of common air, and that

nitre is formed by a decornpofition of the atmofphere.

But it is poffible I may think otherwife to-morrow, h
^

is happy, when with a fertility of invention fufficient to

raife hypothefes, a perfon is not apt to • acquire ^too great

attachment to them. By this means they lead to the dif-

covery of new fadts:, and from a fufficient number ©f

thefe the true theory of nature will eafily refult.

I have made many other original experiments oEa
mifcellaneous natufe; but I fhall not take up your time

W ith the mention of them in this place. If this imper-

fedt communication gives you, or the Society, any fatif-

-fddtion, I flaall be very happy, and fhall be encouraged to

profecute

• i ‘j
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profecute thefe inquiries as much as my leifure from

other purfuits will admit. I am, See.

S you are pleafed to intereft yourfelf in my expe

ments, I hope it will give you fome pleafure to be

informed, that, I think, I never was more fuccefsful than

I have been in the few days that I have been able to at-

tend to thefe matters, fince my return into the country.

By the heat of the flame of a candle, and catching the

air that arifes in the manner deferibed in fig. VIII. pi. 2.

in my late Treatife, I get the pure air I difeovered in Lon-

don in great plenty, from a variety of cheap materials;

not only from red lead, but many earthy fubftances

moiftened with fpirit of nitre and dried, as chalk and

quick-lime; which demonftrates that red lead, mercu-

rius calcinatus per Je^ &c. extradl the nitrous acid from

the air ; and that this acid is the mofi: eflential among the

various ingredientswhichcompofethe atmofphere. From

tobacco-pipe-clay, and fome other things, moiftenedwith

fpirit of nitre, I get fixed air; which feems to prove that

this fpecies of air (which is akind of acid) isa modification

of the nitrous acid, and in fome meafure accountsfor the

LETTER II.

TO THE REV. DR. PRICE, F. R. S

DIAR SIR April I, 1775

exigence
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exiftence of fo much fixed air in the atmofphere. I believe

this experiment is the firfl inftance of the proper gene-

ration of fixed air from other principles. What we have

got of it hitherto has been by diflodging it from fub-

fiances, that were fuppofed to contain it. Notwith-

fianding red lead yields fo pure an air, paint made with

it diminifhes common air, and makes it noxious, asmuch
as white paint

;
which feems to prove, that it is the oil,

that yields the phlogi/ioriy which injures the air to which
it is expofed.

LETTER III.

TO SIR JOHN PRINGLE, BART. P. R. S.

S I am defirous to prefent to the Royal Society a ge#-

neral review ofmy late obfervations on air, with*-

out troubling them with a detail of my experiments, J[

beg you would lay before them the following particu>-

lars, in addition to thofe contained in the letter whiohvl
took the liberty.to write to you, dated March 15, and in
the extrad from that to Dr. price,' dated April i, 1775^;
fubmitting the whole to the difpofal of the Society.

London, May i^S, 177,^,DEAR SIR,

VoL. LXY. Ggg I have
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I have found, that the earths of all denomina-

tions, even the cryftalline and the talcky, which are

thought to be infoluble in acids, yield a pure dephlo-

gijiicated air^ when treated in the marnier mentioned in

my former letters; but that the calcareous earths, and

fome of the earths of metals, as red lead and the flowers

of zinc, yield it in the greateft plenty. Upon the

whole, I think, it may fafely be concluded, that the pureft

air is that which contains the \Q2.iS.pbIogiJion

:

that air is

impure (by which I mean that it is unfit for refpiration,

and for the purpofe of fupporting flame) in proportion as

it contains more of that principle ; and that there is a re-

gular gradation from depbldgijiicated air, through com-

mon air, and pblogijiicated air, down to nitrous air
;
the

lafl fpecies of air containing the moft, and the firft-men-

tioned the leafl: pblogijion poflible, the common bafis of

them all being the nitrous acid
;
fo that all thefe kinds

of air differ chiefly in the quantity oipblogijion they con-

tain ; though with refpe6t to nitrous air, there feems to

be a farther difference in the mode of combination. By

attending to the quantity of pblogijion contained in the

fubftances ^with which the fpirit of nitre is mixed, any

of thefe kinds of air may be produced at pleafure, and

fometimes all the kinds will be produced in the different

ftages of the fame procefs. White wood-aflies yield an

exceedingly pure air
;
but the leaft bit of charcoal in the

aflies depraves the air; and if there be much charcoal

in them, the whole produce will be ftrongly nitrous.

The phaenomena of detonation (which has been a very

puzzling
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puzzling appearance in chemiftry) admit of a very eafy

explication by the help of my late experiments. It is

generally fuppofed, that in this cafe a fulphur is formed,

by the union of the nitrous acid and the phlogijion of

the body with which it is detonated
; which fulphur is

fo inflammable, that it cannot exifl a moment without

decompofition : and it has been thought, that in the pro-

cefs of making the clyjfus of nitre, the acid is intirely

deftroyed or changed. But, in both thefe cafes, I have

no doubt, that the acid enters into the compofition of

fome of the kinds of air which are generated upon thofe

occafions. I once mixed a quantity of the ore of lead

with fpirit of nitre, and when it was dry, put it into a

gun-barrel, filled up to the mouth with fand, in order

to collecSt the air that heat would expel from it, in the

ufual manner. The produdtion of air was very great

and rapid ; and when the heat became confiderable, all

the contents of the gun-barrel were exploded with great

violence, and a loud report, demolifhing the-vellel which

I had placed to receive the air. The next time, putting

the fame materials into a glafs veffel, and difpofing the

apparatus in fuch a manner as that the explofion could

not affect the collected air, I found it to be very ftrongly

nitrous. Such, therefore, I conclude to be the produce

of the explofion of gun-powder, fince charcoal with fpi-

rit of nitre yields this kind of air. In the detonation of

nitre with fubftances that contain little phlogijion^ the

acid may form common air, or air much purer than

that.

Gg g 2 As
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As I mean thefe letters to contain a general outline of

what I have lately obferved with refpedt to air, I fliall

add, that by the favour of that mob intelligent and ge-

nerous chemift Mr. wolfe, I have lately procured fome

of that phofphoric fpar, from which a new mineral acid,

firft difcovered in Sweden, is procured. This acid, as

well as the marine, vitriolic, and vegetable, I throw into

the form of air, confined by quickfilver; and thus have

an opportunity of examining its affinities with the great-

efl eafe and certainty. I fliall in this place only obferve

with refpe(St to it, that this acid air decompofes nitre, hut

not near fo rapidly as the marine acid air; and that the

fait which is formed by its union with alkaline air is not

fenfibly foluble in ivater. I am, &c.

P. S. Upon fecond thoughts, I am not fo well fatisfied

with my conjecture, hinted in the letter to Dr. price,

that fixed air may be a modification of the nitrous acid,

though the experiment there mentioned feems to make
it probable. But I lay no ftrefs upon any opinions, far-

ther than as they may lead to the difcovery of new faCts^

XXXIX. An
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XXXIX. An Account of the Gymnotus EIe(?i:ricus..

By John Hunter, F. R. S*

Redde, Mayii,r-j-^ Q WALSH, the firft difcoverer of
animal electricity, the learned will be

indebted for whatever the following pages may contain,

either curious or ufeful. The fpecimen of the animal

which they defcribe was procured by that Gentleman,,

and at his requeft this dilTeCtion was performed, and

this account:of it is communicated..

This fifh, on the firlt view, appears very, much
like an eel, from which refemblance it has moft pro-

bably got its- name; but it has none of the Ipecific

properties of that fifh.. This animal may be confider-

ed, both anatomically^: and phyliologically, as divided

into- two parts ; viz. the common animal part; and

a part which is fuperadded^, viz, peculiar organ.

I fliall at prefent conlider it only with refpeCt to the

laft; as the firft explains nothing relating to the other,,

nor any thing, relating to the animal oeconomy of fifii

in generah The firft,.. or common animal part, is

fo contrived as to exceed, what: was neceffary for itfelf,

in order to give fituation, mourifliment, and moft pro-

bably the peculiar property to the fecond.. The lalf

part, or pecuhar. organ, has an immediate connexion

with the firft ; the body afibrdihg it a fituation
; the

heart, nouriftiment ; and the brain, nerves and probably

its peculiar, powers. For the firft of thefe purpofes,

the body is extended out in length, being much longer

G g g 3’ than
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than would be fufiicient for what may be called its pro-

greffive motion. For the real body, or that part where
the vifcera and parts of generation lye, is fituated, with

refped to the head', as in other fhli, and is extremely

jhort ; fo that, according to the ordinary proportions,

this fliould be a very flioit fhli. Its great length, there-

fore, feems chiefly intended to afford a fiirface for the

fupport of the peculiar organ : however, the tail-part is

Jikewife adapted to the progreflive motion of the whole,

and to preferve the fpecific gravity
;

for the fpine, mc^
dulla fpinalis^ mufcles, fin, and air-bladder, are continin^d

through its whole length. Befides which parts, there

is a membrane palling from the fpine to that fin which

runs along the belly or lower edge of the animal. This

membrane is broad at the end next to the head, termi-

nating in a point at the tail. It is a fupport for the ab-

dominal fin, gives a greater furface of fupport for the

nrgan, and makes a partition between the organs of the

jtwo oppofite fides.

.T H E O R G A N S.

The orgaFxS which .produce the peculiar effedlof this

-fifh, conftitute nearly one-half of that part of the flefh

in which they are placed, and perhaps make more than

one-third of the whole animal. There are two pair of

thefe organs, a larger, and a fmaller ; one being placed

.on each fide. The large pair occupy the whole lower

or anterior, and alfo the lateral part of the body, making

the , thicknefs of the fore or lower parts of the animal,

and run alipoft through its whole length ;
viz. from the

idbdomen to near the end of the tail It is broadefl on

(a) Vide pi." II. fig. i. kkk;

IB the



[ 397 i

the hdes of the fifh at the anterior end, where it inclofes

more of the lateral parts of the body, becomes narrower

towards the end of the tail, occupying lefs and lefs of

the lides of the animal, till at laft it ends almoft in a

point. Thefe two organs are feparated from one

another at the upper part, by the mufcles of the back,

which keep their pofterior or upper edges at a conlidera-

blediftance from one another below that, and towards

the middle, they are feparated by the air-bag ro; and

at their lower parts they are feparated by the middle

partition They begin forwards, by a pretty regu-

lar edge, almoft at right angles with the longitudinal

axis of the body, lituated on the lower and lateral parts

of the abdomen. Their upper edge is a pretty ftraight

line, with fmall indentations made by the nerves and

blood veflels, which pafs round it to the ikin. At the

anterior end they go as far towards the back as the mid-

dle line of the animal ; but in their approach towards

the tail they gradually leave that line, coming nearer

to the lower furface of the animal. The general fhape

of the organ, on an external or lide view, is broad at the

end next to the head of the animal, becoming gradually

narrower towards the tail, and ending there almoft in a

point. The other furfaces of the organ are fitted to^

the ftiape of the parts with which they come in contadt;,

therefore on the upper and inner furface it is hollowed,,

to receive the mufcles of the backr^.’. There is alfo a lon-

gitudinal depreflion on its lower edge, where a fubftance:

{h) PI. IV. cccc. (c) PI. IV. ». (d) PI. IV. K. {e) PI. IV.

Ues„
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lies, which divides it from the fmall organ, and which
gives a kind of fixed point for the lateral mufcles of the

Its moft internal furface is a plane adapted to

the partition which divides the two organs from one
another The edge next to the mufcles of the

hack is very thin, but the organ becomes thicker and

thicker towards its middle, where it approaches the cen-

ter of the animal. It becomes thinner again, towards

the lower furface or belly
; but that edge is not fo thin

as the other Its union with the parts to which

it is attached is in general by a loofe, but pretty flrong,

cellular membrane; except at the partition, to which

it is joined fo clofe as to be almofl infeparable.

The fmall organ lies along the lower edge of the ani-

mal, nearly to the fame extent as the other r-v. Its fitua-

tion is marked externally by the mufcles which move
the fin under which it lies. Its anterior end begins

nearly in the fame line with the large organ, and juft

where the fin begins. It terminates almoft infenfibly

near the end of the tail, where the large organ alfo ter-

minates. It is of a triangular figure, adapting itfelf

to the part in which it lies (^). Its anterior end is the nar-

row^eft part; towards the tail it becomes broader; in the

middle of the organ it is thickeft; and from thence be-

comes gradually thinner to the tail, where it is very thin.

The two fmall organs are feparated from one another

by the middle mufcles, and by the bones upon which

(f) PI. IV. (g) PI. IV. {h) PI. IV. (9 PI. n. fig. I. ILL. ,

(k) PL IV. II.

the
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the bones of the fins are articulated (», The large and
the fmall organ on each fide, are feparated from one ano-
ther by a membrane, the inner edge of which is attached

to the middle partition, and its outer edge is loft on the
llvin of the animaK'^A To expofe the large organ to

view, nothing more is necelTary than to remove the Ikin,

which adheres to it by a loofe cellular membrane. But
to expofe the fmall organ, it is necefiary to remove the
long row of imall mufcles which move the fin

OF THE STRUCTURE OF THESE ORGANS.

The ftrucfture is extremely fimple and regular, confift-

ing of two parts; viz. flat partitions ov/epta, and crofs di-

vifions between them. The outer edge of Xht^Q/epta ap-
pear externally in parallel lines nearly in the direcflion of
the longitudinal axK of the body (”). T\i^{efepta are thin
membranes, placed nearly parallel to one another. Their
lengths are nearly in the diredtion of the long axis, and
their breadth is nearly the femi-diameter of the body of
the animal ('>K They are of different lengths, fome being
as long as the whole organ. I fhall defcribe them as

beginning principally at the anterior end of the organ,
although a few begin along the upper edge; and the
whole, pafling towards the tail, gradually terminate on
the lower furtace of the organ; the lowermoft at their

origin terminating fooneft. Their breadths differ in dif-

ferent parts of the organ. They are in general broadeft
'

near the anterior end, anfwering to the thickeft part of
(l) PI. m. E. (m) PI, IIP (n) P)-. II; KKK. (o) PI. UP hhI

VoL, LXV. Hhh the
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the organ, and become gradually narrower towards

tail
;
however, they are very narrow at their beginnings

or anterior ends. Thofe neared: to the mufcles of thQ

back are the broadeft, owing to their curved or ol^ique

fituation upon tliefe mufcles, and grow gradually nar-

rower towards the lower part, which is in a great mea-

fure owing to their becoming more tranfverfe, and alfo

to the organ becoming thinner at that place o;. They
have an outer and an inner edge. The outer is attached

to the fkin of the animal, to the lateral mufcles of the

fin, and to the membrane which divides the great organ

from the fmall
;
and the whole of their inner edges are

fixed to the middle partition formerly defcribed, alfo to

the air-bladder, and three or four terminate on that fur-

face which inclofe the mufcles of the backr?;. Thefe

fepta are at the greateft diftance from one another at their

exterior edges near the fkin, to which they are united;

and as they pafs from the fkin towards their inner attach-

ments they approach one another ro. Sometimes we find

two uniting into one. On that fide next to the mufcles

of the back, they are hollow from edge to edge, anfwer-

ing to the fliape of thofe mufcles
;
but become lefs and

lefs fo towards the middle of the organ ; and from that

towards the lower part of the organ, they become curved

in the other direction (O, At the anterior part of the

large organ, where it is nearly of an equal breadth, they

run pretty parallel to one another, and alfo pretty flreight

;

•

(p) PI, IV. where the diiferent breadths are feen in one view.

(q) PI. IV. (r) PI. IV. (s) Pi. IV.

A but
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but where the organ becomes narrower, it may be ob-
ferved in fome places, that two join or unite into one

;

efpecially where a nerve pafTes acrofs. The termina-
tion of this organ at the tail is fo very fmall that I could
not determine, whether it confiited of one feptuin or
more. The diftances between thefe fepta will differ
in fiflies of different fizes. In a fifli of two feet four
inches m length, I found them ~ of an inch diflant
from one another; and the breadth of the v/hole or-
gan, at the broadefl part, about an inch and a quarter,m which fpace were thirty-four The fmall or-
gan has the fame kind of fepta^ in length paffing from
end to end of the organ, and in breadth pafiing quite
acrofs; they run fomewhat ferpentine, not exadly in
ftraight lines ('0 . Their outer edges terminate on the
outer furface of the organ, which is in contaa with the
mner furface of the external mufcle of the hii, and their
inner edges are in contadf with the centre-mufcles.
1 hey differ very much in breadth from one another;
the broadefl being equal to one fide of the triangle, and
the narrowefl fcarcely broader than the point or edge.
They are pretty nearly at equal diflances from one ano-
ther; but much nearer than thofe of the large organ,
being only about -*-th part of an inch afunder : but they
are at a greater diflance from one another towards the
tail, in proportion to the increafe of breadth of the or-
gan. Theorgan is about half an inch in breadth, and has
fourteen Thefe in both organs, are very

{t) PI. II. LLL.

H h h 2 tcndcj'
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tender in confiflence, being eafily torn. They appear

to anfwer the fame purpofe with the columns in the /or-

pedoy making walls or hutments for the fub-divifions,

and are to be confidered as making fo many diftincl or-

gans. ThefeJepta are interfedted tranfverfely by very

thin plates or membranes, whofe breadth is the diltance

between any twofepta^ and therefore ofdifferent breadths

in different parts
; broadelf at that edge which is next to

the Ikin; narroweft at that next to the center of the body,

or to the middle jDartition which divides the two organs

from one another. Their lengths are equal to the

breadths of xhQ.fepta, between which they are fituated.

There is a regular feries of them continued from one

end of any twoJepta to the other. They appear to be

fo clofe as even to touch. In an inch in length there

are about 240, which multiplies the fm'face in the whole

to a vail extent.

OF THE NERVES.
The nerves in this animal may be divided into tv 0

kinds; the firft, appropriated to the general purpofes

of life; the fecond, for the management of this peculiar

fundlion, and very probably for its exigence. They
arife in general from the brain and 'medulla/pinalls, as in

other fifli ; but thole from the medulla are much larger

than in fhh of equal fize, and larger than is neceffary tor

the common operations of life. The nerve which

arifes from the brain, and paffes down the whole length

of the animal (which I believe exifts in all fifli) is larger

in
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in this than in others of the fame fize, and paffes nearer

to the fpine r«;. In the common eel it runs in the muf-

cles of the back, about midway between the Ikin and

fpine. In the cod it paifes immediately under the fldn.

From its being larger in this fifli than in others of the

fame lize, one might fulped, that it was intended for

fupplying the organ in fome degree ; but this feems not

to be the cafe, as I was not able to trace any nerves going

from it to join thofe from the 7nedullaJpinalis^ which run

to the organ. This nerve is as lingular an appearance

as any in this clafs of animals
;
for furely it mull appear

extraordinary, that a nerve Ihould arife from the brain

to be loft in common parts, while there is a 7nedulla fpi^

7iaUs giving nerves to the fame parts. It muft ftill re-

main one of the inexplicable circumftances of the ner-

vous fyftem. The organ is fupplied with nerves from

the 7nedullaJpmalis from which they come out in pairs

between all the vertebra of the fpine (>^). In their paf-

fagc from the fpine they give nerves to the mufcles of

the back, 8cc. They bend forwards and outwards

upon the fpine, between it and the mufcles, and fend

out fmall nerves to the external furface, which join the

Ikin near to the lateral lines. Thefe ramify upon the

ftdn, but are principally bent forwards between it and

the organ, into which they fend fmall branches, as they

pafs along. They feem to be loft in thefe two parts.

The trunks get upon the air-bladder, or rather dip be-

tween it and the mufcles of the back, and continuing

PI. III. T. PI. HI. s.
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their courfe forwards upon that bag, they dip in between

it and the organ, where they divide into fmaller branches

;

then they get upon the middle partition, on which they

continue to divide intoftill fmaller branches; afterwhich

they pafs on, and get upon the fmall bones and muf-

cles, which are the bafes for the under fin, and at laft

they are loft on that fin. After having got between the

organ and the above mentioned parts, they are conftantly

fending fmall nerves into the organs ; firft into the great

organ, and then into the fmall one ; alfo into the mufcles,

of the fin, and at laft into the fin itfelf. Thefe branches,

which are fent into the organ as the trunk pafles along,

are fo fmall, that I could not trace their ramifications in

the organs. In this fifli, as well as in the torpedo, the

nerves which fupply the organ are much larger than

thofe beftowed on any other part for the purpofes of

fenfation and adlion ; but it appears to me, that the or-

gan of the torpedo is fupplied with much the largeft pro-

portion. If all the nerves which go to it w^ere united to-

gether, they would make a vaftly greater chord, than all

thofe which go to the organ of this eel. Perhaps when
experiments have been made upon this fifli, equally ac-

curate wdth thofe made upon the torpedo, the reafon for

this difference may be alfigned.

BLOOD VESSELS.
Hov/ far this organ is vafcular, I cannot pofitively de-

termine ;
but from the quantities of fmall arteries going

to it, I am inclined to believe, that it is not deficient in

veffels.
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veiTels. The arteries arife from the large artery which

pafTes down the fpine ; they go off in fmall branches like

the intercojlals in the human fubjecSl, pafs round the air-

bladder, and get upon the partition together with the

nerves, and diilribute their branches in the fame man-
ner. The veins take the fame courfe backwards, and

enter the large vein which runs parallel with the artery.

P L A T E I. F I G. I.

Shews the whole animal of the full fize. It lies on

one lide ;
which pofture expofes the whole of the under

fin. The head is twilled, to fhew its upper part, on

which are feen the eyes, &c.

FIG. II.

Shews the animal lying in the fame pofition, but the

head is twilled in the contrary direction, fo as to expofe

its under furface. Between the two fins, and before

the beginning of the under fin, is the cavity of the

belly of the fifh ;
at the anterior part of which cavity is

the anus.

P L A T E If. F I G. I.

Exhibits the whole of the two organs on each fide,

the fkin being removed as far as thefe organs extend,

A. The lower furface of the head of the animal, b. The
cavity of the belly. c. The anus. d. The fin.

E. The back of the fifli where the fkin has not been

removed, ff. The fin which runs along the lower

edge
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edge of the fifli. ggg. The fkin turned back. hhh.

The lateral mufcles of the above fin removed and car-

ried back with the fkin, to expofe the fmall organ.

I. Part of the mufcle left in its place. kkk. The large

organ. lll. The fmall organ. mmmm. The fub-

fiance which divides the large organ from the fmall.

N. At this place the above fubfiance is removed.

PLATE III. F I G. IV.

A fedlion of the whole thicknefs of the fifli near the

upper part, a little, magnified. The fkin is removed

as far back as the poflerior edge of the organ, and the

other parts immediately belonging to it, fuch as the me-

dulla fpinalis. There are feveral pieces or fedlions

taken out of the organ, which expofe every thing that

has any relation to it. At the upper and lower ends

of the figure, f f, the organ is entire, the fkin only being

Removed. aa. The body of the animal near the

back, covered by the fkin. bb. The belly-fin, co-

vered alfo by the fkin. c. Part of the fkin removed

from the organ, and turned back. dd. The mufcles

which move the fin laterally, and which immediately

cover the fmall organ. e. The middle mufcles of the

fin, which lay immediately between the two fmall or-

gans. FF. The outer furface of the large organ, as

it appears when the fkin is removed. g. The fmall

organ, as it appears when the lateral mufcles are re-

moved. HH. The cut ends of the mufcles of the

back, Avhich have been removed to expofe the deeper

feated
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feated parts. ii. The cut ends of the lai'ge organ,

part of which has alfo been removed, to expofe the

deeper feated parts. k. The cut end of the fmall or-

gan. L. A part of the large organ, the reft having

been removed. m. The cut end of the above fecftion.

N. A fe6tion of the fmall organ. oo. The middle par-

tition which divides the two large organs. p. A fatty

membrane, which divides the large organ from the

fmall. The air-bladder. r. The nerves going

to the organ. s. The medulla fpinalis, t. The An-
gular nerve.

P L A T E IV. F I G. V.

A tranfverfe fe6tion of the fifli, expoftng at one view,

all the parts of which it is compofed. a. The exter-

nal furface of the ftde of the fifti. b. The under fin.

cccc. The cut ends of the mufcles of the back. d. The
cavity of the air-bladder. e. The body of the fpine.

F. The medullafpinalis. g. The large artery and vein.

HH. The cut ends of the two large organs. ii. The
cut ends of the two fmall organs, k. The partition

between the organs.

I i i Ohfer-VoL. LXV,
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XL. Some Ohfervations upon Myrrh, made in Abyfliniaj

in the Tear 1771? andfent to William Hunter, A/. Z).

with Specimens^ in February, 1775. James Bruce,

Efq-

Redde, June i, aiicients, aiid particularly Diosco-
-S' RinES, have fpokcn of myrrh in fuch

a manner, as to leave us no alternative, but -to fuppofe

either that they have defcribed a drug which they had

never feen ; or, that the drug feen and defcribed by them
is abfolutely unknown to modern naturalifts and phyli-

cians. The Arabs, however, who form the link of

the chain between the Greek phylicians and ours, in

whofe country the myrrh was produced, and whofe lan-

guage gave it its name, have left us undeniable evidence,

that what we know by the name of myrrh, is in nothing

different from the myrrh of the ancients, growing in the

fame countries from which it was brought formerly to

Greece ; that is, from the Eaft coaft of Arabia Felix, bor-

dering on the Indian Ocean, and that low land in Abyf-

finia on the South-eaft of the Red-fea, included nearly

between the 12th and 13th degree of North latitude,

and limited on the Weft by a meridian paffing through

the ifland Maflbwa; and on the Eaft by another, paffing

through Cape Guardfoy, without the ftraits of Bab el

Mandel, This country the Greeks knew by the name
of



C 409 ]

of the Troglodytria; not to be confounded with another

nation of Troglodytes, very different in all refpedts, liv-

ing in the forefts between Abyffinia and Nubia. The
myrrh of the Troglodytes was always preferred to that

of Arabia; and it has maintained this preference to

our days. That part of Abyffinia being half over-run

and fettled, half wafted and abandoned, by a barbarous

nation from the Southward, very little correfpoiidence

or commerce has been fiiice carried on between the Ara-

bians and that coaft; unlefs by fome defperate adven-

tures of Mahometan merchants, made under favourable

and accidental circumftances, which have fometimes fuc-

ceeded, and very often likewife have mifcarried. The
moft frequent w'ay by which this Troglodyte myrrh is

exported, is from Maftbwa, a fmall Abyffinian ifland, on

the coaft of the Red-fea. But notwithftanding this, the

quantity of Abyffinian myrrh is fo very fmall, in com-

parifon of that of Arabia fent to Grand Cairo, that we
may fafely attribute to this only the reafon, why our

myrrh is not fo good in quality as the myrrh of the aii4

cients, wffiich was Abyffinian. Although thofe bar-

barians make ufe of the gum, leaves, and bark, of this

tree, in difeafes to which they are fubjexft; yet, ’as very

little is wanted for fuch purpofes, and the tree is the

common timber of the country, this does not hinderthem
from cutting it down every day, to burn for the common
ufes of life

; and as they never plant, or replace the treesi

deftroyed, it is probable, that in fome years the true

Troglodyte myrrh will not exift; and the erroneous de-

I i 2 fcriptions
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fcriptions of the Greek phyficians will lead poflerity, as^

they have done ns now, into various conjectures, all oF

them falfe, upon the queftion, what that myrrh of the

ancients was ?

Though the myrrh of the Troglodytes was fupe-

rior to any Arabian, yet the Greeks perceived, that it

was not all of equal goodnefs. pliny and Theophras-

tus make this difference to arife from the trees being

partly wild, partly cultivated. But this is an imagi-

nary reafon; all the trees were wild. But it was the

age of the tree and its health, the manner of making
the cut or wound in it, the time of gathering the myrrh,

and the circumftances of the climate when it was ga-

thered, that conftantly determined, and does yet deter-

mine, the quality of the drug. In order to have

myrrh of the firft, or mofb perfeCt fort, the favages chufe

a young, vigorous tree, whofe bark is without mofs, or

any parafite-plant ;
and, above the firft large branches,

give the tree a deep wound with an axe. The myrrh
which flows, the firft year, through this wound, is myrrh
of the firft growth ;

and never in very great quantity.

This operation is performed fome time after the rains

have ceafed; thatis,Trom April to June; and the myrrh
is produced in July and Auguft. The fap once ac-

cuftomed to iftlie through this gafli, continues fo to do

fpontaneoufly, at the return of every feafon: but the

tropical rains, which are very violent, and continue fix

months, w afti fo much dirt, and lodge fo much w^ater in

the cut, that in the fecond year, the tree has begun to

rot and turn foul in that pait, and the myrrh is of a fe-

cond
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cond quality, and fells in Cairo about a third cheaper

than the firft. The myrrh alfo produced from gafhes

near the roots, and in the trunks of old trees, is of the

fecond growth and quality, and Ibmetimes worfe. This,

however, is the good myrrh of the Italian fhops every

where but in Venice. It is of a blackifli red, foul colour,

folid and heavy, loling little of its weight by being long

kept; and it is not eafily diftinguifhed from that of Ara-

bia Felix. The third and worh kind is gathered from

old wounds or gaflies, formerly made, in old trees
; or

myrrh that, palling unnoticed, has hung upon the tree

ungathered awhole year; black and earth-like in colour,

and heavy, with little fmell and bitternefs. This appa-

rently is the caucalis of the ancients.

PLINY fpeaks ofJla&e^ as if it was frelli or liquid myrrh

;

and DioscoRiDES, in his chapter upon it (cap. 67.), fays

fomething like this alfo. However, it is not credible,

that the ancients, either Greeks or Latins, placed at fuch

a dillance, could ever fee the myrrh in that ftate. The
natives of its country fay, that it hardens on the tree in-

ftantly, on being expofed to air
;
and I, who was feveral

months within four days journey of the place where it

grew, and had the favages quite at my devotion to go and

come from thence, could never fee the newed: myrrh
fofter than the ftate it now is in

;
though, I think, it dif-

folved more perfectly in water, than when it had been

kept. DIOSCORIDES too mentions a kind of myrrh
which, he fays, was green, and of the confiftence of

pafte. But as serapion and the Arabs fay, that flaBe

was
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was a preparation of myrrh diflblved in water, it is pro-

bable, that this unknown green kind of dioscorides

was, like theJiad^tCy a compofition of myrrh and fome
other ingredient, not a fpecies of Abyffinian myrrh,

which he could never have feen, either foft or green.

It may be remarked, that when we buy frefli or new
myrrh, it has always a very ftrong, rancid, oily fmell;

and when thrown into water, globules of an oily matter

fwim upon the furface. This greafinefs is not from the

myrrh; it is owing to the favages ufing goats-fkins

anointed with butter (to make them fupple) wherein to

put their myrrh at gathering
;
and in thefe fkins it re-

mains, and is brought to market: fo that, far from its

being a fault, as fome ignorant druggifts at Rome and

Venice believe, it is a mark that the myrrh is frefli ga-

thered, which is the beft quality that myrrh of the firft

fort can have. Befides, far from hurting the myrrh,

this oily covering mult rather at firft have been of fer-

vice
;
as it certainly imprifons and confines the volatile

parts of new myrrh, which efcape in great quantities, to

a very confiderable diminution in the weight. The
piece of myrrh which I fend you, is what a fine tree,

lefs than fifteen inches diameter in the trunk at the bot-

tom, wounded in two places, produced at one of the

wounds, in the year 1771. And itmay be regarded as th e

only unexceptionable and authentic evidence, in Europe,

of what the Troglodyte myrrh was; unlefs it be thole

pieces ftill remaining in my colle6tion, and a piece, fome-

what fmaller than yours, which I gave to the king of

France’s
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France’s cabinet at Paris. This piece which I fend

you, had loft near fix dragmes Troy of its weight, be-

tween the ^7th of Auguft, 1771, and the 29th of June,

1773. It has loft a very few grains fince. It was kept,

as were all the other pieces, with great care in cotton,

feparately in a box, to prevent its lofing weight by

fridlion.

OPOCALPASUM.
At the time when I was on the borders of the Tal-

Tal, or Troglodyte country, I fought to procure myfelf

branches and bark of the myrrh tree, enough preferved

to be able to draw it ; but the length and ruggednefs of

the way, the heat of the weather, and the carelefsnefs

and want of refources of naked favages, always difap-

pointed me. In thofe goat-ikin bags into which J had

often ordered them to put fmall branches,! always found

the leaves moftly in powder; fome few that were intire,

feemed to refemble much the acacia vera, but were wi-

der towards the extremity, and more pointed immedi-

ately at the end. In what order the leaves grew, I never

could determine. The bark was abfolutely like that of

the acacia vera
;
and among the leaves I often met with

a fmall ftraight weak thorn, about two inches long.

Thefe were all the circumftances I could .combine, rela-

tive to the myrrh tree, too vague and uncertain to riik a

drawing upon, when there ftill remained fo many defi-

dcrata concerning it ; and as the king was obftinate not

to letme go thither, after what had happened to the fur-

4 geon.
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gcoHj ni3.t6j 3.nd. boat’s crew, of the Indiamaiij 1

was obliged to abandon tbe drawing of the myrrh tree

to fome more fortunate traveller. At the fame time

that I was taking thefe pains about the myirhj 1 had de-

fired the favages to bring me all the gums they could

find, with the branches and bark of the trees that pro-

duced them.^ They brought me, at different times, fome

very fine pieces of incenfe, and at another time, a very

fmall quantity of a bright colourlefs gum, fweeter on

burning than incenfe; but no branches of either tree,

though I found this latter afterwards, in another part of

Abyffinia. But at all times they brought me quantities

of gum, of an even and clofe grain, and of a dark-brown

colour, which was produced by a tree called fojju . and

twice I received branches of this tree in tolerable order;

and of thefe I made a drawing. Some weeks after,

walking in a Mahometan village, I faw a laige tiee, with

the whole upper part of the trunk and the large branches

fo covered with great boffes and knobs of gum, as to ap-

pear monftrous : and aflving farther about the tree, I

found that it had been brought, many years before, from

the myrrh country by merchants, and planted thei e for

the fake of its gum, with which thefe Mahometans fiiff-

ened the blue Surat cloths, which they got damaged from

Mocha, to trade in with the Galla and Abyffinians. Neither

the tree which they called JaJJ'a^ nor the name, nor the

gum, could allow me to doubt a moment that it was the

fame as what had been brought to me from the myrrh

country ;
but I had the additional fatisfadion to find the

tree
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tree all covered over with beautiful crimfon flowers, of

a very extraordinary and ftrange conftrudlion. I began

then a drawing anew, with all that fatisfadlion known
only to thofe who have been converfant in fuch difcove-

ries. I took pieces of the gum with me. It is very light..

GALEN complains, that in his time, the myrrh was often

mixed with a drug which he calls opocalpajum^ by a

Greek name
;
but v/hat this drug was, is totallyunknown

to us at this day. But, as the only view of the favage,

in mixing another gum with his myrrh, mult have been

to increafe the quantity, and as the great plenty, in which
this gum is produced, and its colour make it very pro-

sper for this ufe; and above all, as there is no reafon to>

think, there is another gum-bearing tree of equal quali-

ties in the country where the myrrh grows, it feems to

me next to a proof, that this mull have been the opo-

calpafum. I muft, however, confefs, that galen fays,,

the opocalpafum was fo far from an innocent drug, that

it was a mortal pcifon, and had produced very fatal ef-

fecfls. But as thofe Troglodytes, though now more
ignorant than formerly, are hill well acquainted with the;

properties of their herbs and trees, it is not poflible, that

the favage, defiring to increafe his fales, would mix them,

with a poifon that muft needs diminifli them.. And.

we may therefore, without fcruple, fuppofe, that galen
was miftaken in the quality afcribed to this drug; and:

that he might have imagined, that people died of the.

opocalpafum^ who perhaps really died of the phyfician.

Firft, becaufe we know of no gum or refin that is a.

VoL. LXV. K h k . mortal
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mortal poifon : fecondly, becaule, from the conflru6lion

of its parts, gum is very ill adapted for having the acti-

vity which violent poifon has
;
and conhdering the fmall

quantities in which myrrh is taken, and the opocalpajmn

could have been but in an inconfiderable proportion to

the myrrh, to have killed, it muft have been avery aCtive

poifon. Thirdly, thefe accidents, from a known caufe,

mull have brought myrrh into dilufe, as certainly as the

Spaniards mixing arfenic with the bark, would banifli

that drug when w'e faw people die of it. Now this never

was the cafe: it maintained its character among the

Greeks and the Arabs, and fo down to our days
;
and a

modern phyfician thinks it might make man immortal,

if it could be rendered perfectly folublc in the human
body. GALEN then was miliaken as to the poifonous

quality of the opocalpajuni. The Greek phyficians knew
little of the natural hiftory of Arabia; lefs hill of that of

Abyliinia; and we who have followed them know no-

thing of either. This gum being put into water fwells

and turns white, and lofes all its glue; it refembles gum
adragant much in quality, and may be eaten fafely. This

fpecimen came from the Troglodyte country in the year

1771: a piece of myrrh from Arabia Felix, and a piece

of gum of the fajfa from Abyffinia were packed up
in another feparate box to be fent you for comparifon,

but forgotten by my fervant. They will be fent here-

after. The the' tree which produces the opocal-

P^ffuiriy does not grow in Arabia. Arabian myrrh is ea-

fily known from Abyffinian by the following method:

take
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take a handful of the fmalleh pieces, found at the bot-

tom of the balket where the myrrh was packed, and

throw them into a plate, and juft cover them with w^ater

a little w^arm
;
the myrrh will remain for fome time with-

out viftble alteration, for it diflblves flowly
;
but the gum

will fw'ell to five times its original fize, and appear fo

many white fpots amidft the myrrh.

The pieces fent you are, N° i. Virgin Troglodyte

myrrh. N° 2. The worft fort of Troglodyte myrrh,

called cancabs, N° 3. Opocalpafum from the myrrh-

country.

K k k a XLL An
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XLI. An Account of a curious Giant's Caufeway^ or Group

of angular Columns^ newly difcovered in the Euganean

Hills, 7iear Padua, in Italy. In a Letter from John

Strange, Efq. F.R.S. to Sir John Pringle, Bart. P.R.S.

TO SIR JOHN PRINGLE, BART. P. R. S.

SIR, Venice, March 10, 1775.

Rcdde, June 15, A S vou thought proper, to recommend
1775-

|-Q notice of our learned Society

the account, which I did myfelf the honour of commu-

nicating to you not long lince, ol two giants cauleways

in this Venetian flate; I now take the liberty to fend you

the delcription and figure of another fimilar phaenome-

non, equally curious, and lately difcovered in the fame

neio-hbourhood. It is fituated at Gaftel Nuovo, a fmall vil-

Page near Teolo, alfo in the Euganean hills, about four

miles South-weft of the other Giant’s Caufeway of Monte

R.oifo before deferibed* I am indebted for the intelli-

gence of this new caufeway to the ingenious Abbe for-

Tis,whom curiofity alfo led among thole hills ;
and who,

at my requeft, accompanied a painter I lately fent from

hence, to make the drawing of it, which 1 have now the

pleafure to tranfmit to your^J. II Sajfo di San Biafio^

Plate XI.

e ' which
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Avliich is the rxame of the fpot where this caufe^vay is

lituated, is a large infulated rock, compofed of the fame

fort of grey granite that is common to the Enganean

hills, andwhich I have before defcrihedr^;. The columns

which form this caufev/ay, partly againft the Hank of

the rock, and partly round its bafe, are of the fame fub-

fiance, with the rock itfelf, to which they adhere, as I

have conftantly obferved in all fimilar groups. They are

therefore of a compound nature, like the columns of

Monte Roffo, and differ intirely from the common fort,

which are moftly homogeneous, or of an unitorm tex«

ture; as is obfervable in the jointed, as well as iimple fpe-

cies oibajaltes, I diall take the firft opportunity of fend-

ing a fragment of one of the newly difcovered columns,

for the infpeaion of the Society; in the mean time the

inclofed pieces, which were broken from one of them,

will ferve to drew, how different their fubftances is trom

that of the common bafaltic columns. By compaimg

thefe pieces with the fragments of the columns of Monte

Roffo which 1 before tranfmitted to the Society, fome

effential difference will appear between them. Thofe

of San Biafio, though very hard, are rather porous, of

a lighter colour than the columns of Monte Roffo, and

very much refemble a fpecies of lava^ which I have of-

ten feen. This poroufnefs I alfo remember to have

once before obferved, and more dgnally too, in fome

bafaltic columns near Achon, in the province of Au-

vergne, in France. The pores in the columns of both

{h) See Aitide II. of this volume.

thefe
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thefe groups are ailb irregularly difperfed, and of un-

equal lize, like rliofe of pumice Hones and other com-

mon pori ignei. Thofe of the columns of San Biafio are

moreover commonly invefted with a fort of crocus mar-

tiSj w’liich I have alfo frequently obferved in the pores

of other vulcanic concretions. Thefe properties are

furely further marks in favour of the igneous origin

of fuch columnar cryftallizations
;
efpecially, hnce they

feem contrary to the principle by which the common
aqueous cryftals are formed, fuccellively, et per juxta-

pofitione7n partiwn adpartes. In fa61, thefe cryftals ma-
nifeft no fuch poroftty. I alfo obferved, that the columns

of Achon, though of a homogeneous fubftance, yet dif-

fer from the common bajaltes by their immenfe ftze as

well as colour, which is rather brown than black. The
columns of San Biafto are likewife very large, meafuring

often two feet in diameter. They are alfo of the ftmple

fpecies, that is not jointed, and moftly quadrangular,

which figure feems rather a principal charadteriftic of

this group, being rarely obferved in others. So

true it is, as I formerly remarked, that fome particular

charadleriftic ever diftinguifties the different groups of

bajaltes
;
which, therefore, cannot be too* narrowly ob-

ferved, before we pretend to form any opinion about

their origin. Some few, but very few, chiefly of the

:frnaller columns of San Biafio, are of a pentagonal form,

like the fpecimen which I propofe to tranfmit to the So-

ciety. But there are no hexagonal columns, which, in

other
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Other balaltic groups, are the moft common. The natu-

ral pofition of thefe columns, whether facing the rock,

or about the bottom of it, is moflly perpendicular. Ano-*

ther adjacent portion of this rock is alfo charadterized by

angular and, as it w^ere, winding fomew^hat re-

fembling the bending pillars of Staffa, as may be obferved

in the drawing. The rock itfeif is alfo compofed of an-

gular maiies, as are indeed moft granites; and thefe

malles are alfo ranged perpendicularly. Several emerge,

as it wxre, from the tops and lides of the neighbour-

ing rocks and hills, like fo many {lately and artificial pil-

lars. The winding Jirata before mentioned are ahb pa- •

rallel with each other, as 1 have frequently obferved in

other granites, as well as common vulcanic Jirata in ge-

neral, particularly of the harder fort, desmarest calls

the latter Bafaltes en tables (o
;
w^hich is a kind of vulcanic

Hate, formed in parallelJirata of different thicknefs, from

two or three to five and fix inches. This is very common
in the provinces of Velay and Auvergne, in France, where

it is alfo ufed for coverings of houfes. The fame fort of

Hate is likewdfecommon to the mountains of Genoa, many
of which feem to be of vulcanic origin, as I recoiled: to

have remarked in pafling the chain of the bochetta^ be-

tween Genoa and the plain of Lombardy. I m.ention this

circumftance, as the vulcanic pheenomena of that part of

Italv have not hitherto been attended to. In fad, it is

lately only that fuchobfervations begin to be made in other

countries; the charaders of extind volcanos or vulcanic

(c) Encycloprdie, Art. Pave des Giants.

trads,
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trails, "being but little known, though fuch trails feem to

occupy every where a very conliderable part of the fur-

face of the earth. I remember to have obferved thefe

flaty tables, or parallelJlrata^ of granite, near the top of

the famous San Gothard, in the afcent of that mountain

on the fide towards Switzerland. Thefe are alfo

ranged perpendicularly, like the other common ones in

granites, and refemble desmarest’s bajaltes en tables %

affording thus another proof of the analogy remarkable

between the organization of the different maffes in gra-

nites, and that of common vulcanic Jirata in general.

• The former, as well as the latter, have their prifmatic co-

lumns, their bajaltes en tables^ as desmarest calls them,

and en boules, as I have obferved in my account of Monte

Rofib. Surely, therefore, thefe are llrong proofs in fa-

vour of the common origin of both. The rocks of San

Biafio abound with ferruginous vitrifications, which are

frequently ohfervable in granites; and the neighbouring

tradfswith lava oxpori lgnei\ as I have alfo obferv^ed,when

I made the tour of this country, particularly about Teolo.

The Abbe fortis brought me a piece of lapis lenticularis,

broken from the limefione that fuperficially covers the

granite of thefe Euganean hills, in many places, as I be-

fore obferved. I mention this circumflance, recolledfing

to have taken notice, in my lafi: paper, that fuch figured

bodies are not commonly found in the lime-flone of this

country. As the prefent account may ferve, by way of

appendix, to that which I lately did myfelf the honour to

prefent
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prefent to the Society, through your favour; you will

oblige me alfo by the communication of it to that learned

body, Ihould you find it deferving of their attention.

I have nothing further to add at prefent, but the af-

furances of my being, with great truth and efteem, sir,

Your mofl obedient humble fervant,

JOHN STRANGE.

XLIL OJ»-VOL. LXV, L 1 1
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XLII. Ohfervations on the Difference between the Duration

of Human Life in Lowns and in Country Pari/Jjcs and

Villages, By the Rev. Richard Price, D. D. F. R. S.

Communicated by Dr. Horfley.

RedJe, June, 22,

K

C^HIS Society has lately been much
1775. I ^

obliged to Dr. percival, for the ac-

counts he has communicated of the Rate of population

at Manchefter and its adjacent places. Thefe accounts

contain fome fa6fs, which appear to me curious and im-

portant. From the lalf in particular, there appears to

be reafon for concluding, that wdiereas a 28 th part of the

inhabitants die annually in the town of Manchefter, not

more than a 56th part die annually in the adjacent coun-

try. This implies a difference fo great between the rates of

human mortality in thefe different fituations, that fome,

whofe judgements I reverence, have thought it incredi-

ble. I will, therefore, beg leave to offer the following

obfervations on this fubjeff.

In the firft place, the evidence in this inftance is fuch

as feems to leave little room for doubt. From an accu-

rate furvey it appears, that the number of inhabitants in

the town was 27246, in the year 1773. The number
edf deaths the fame year (and alfo the average for 1772,

17735
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17735 1^774)5 973^?^’; that is, a 28th pait of the

number of inhabitants. From an equally careful furvey

it appears, that the number of inhabitants in that part of

the parifh of Manchefter which lies in the country, was

13786. The number of deaths in 1772 was 246 ;
that

is, a 56th part of the number of inhabitants. The chief

obje6tion to this evidence is, that the number of deaths

in that part of the parifli which lies in the country is

given only for one year; whereas the average of feveral

years ought to be given. But firlt, the number of deaths

in 1 77 2, in the town, was nearly the fame with the me-
dium for feven years

;
and from hence there arifes a pro-

bability, that in the adjacent country, the number of

deaths, in the fame year, could not have been much
lower than the medium. Secondly, fuppoling it lower,

there is the higheft probability, that it was notmore than

a 4th or 5th lower. Suppofe then the true annual me-
dium to be 300, inftead of 246, and it will follow, that

whereas a 28th part of the inhabitants die in the town
annually, a 46th part die in the country; and this is a

difference very confiderable. But farther, I would

(a) The numbers of burials in the town, including the addition of 50 every

year for diffenters, was in 1772, 954
i773> 973

1774, 1008

Within the parifli, but out of the town, there are 13 epifcopal and diffenting

chapels; and the number of burials in all thefe chapels, in 177.2, was 246. The
chriftcnings were 401. The number of burials brought from the country into

the town is not confiderable
; and it is, I am informed, pretty exadly balanced

by the burials carried out of the town into the country,

L 1 F 2 obferve
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obferve, that the difference which this furvey gives be-

tween the rate of mortality in the town of Manchefter

and the adjacent country, is confirmed by a variety of

other accounts. It may be ftated in general, that whereas

in great towns, the proportion of inhabitants dying an-
' nually is from i in 19 to i in 22 or 23, and in mode-

rate towns from i in 24 to i in 28 in country parifiies

and villages on the contrary, this proportion feldom ex-

ceeds I in 40 or 50. The proofs of this are numerous
and unexceptionable ;

and I have elfewhere given a par-

ticular account of them (O. I will here only mention the

following fa6ls.

The number of inhabitants at Stockholm in 1763
was 72979. The average of deaths for the fix preceding

years had been 3802 (d). One, therefore, in nineteen died

there annually.

At

(b) The n^imber dying annually in towns is feldom fo low as i in 28, ex-

cept in confequence of a rapid increafe produced by an influx of people, at thofe

periods of life when the feweft die. This is the cafe at Manchefter. It is alifb

the cafe at Liverpool and at Berlin; in the former of which towns, i in 27 dies

annually; and in the latter, i in 26f died from 1755 to 1759. See Obferva-

tions on Reverfionary Payments, p. 224, &c. 3d edition.

(c) See Obfervations on Reverfionary Payments, 6cc. EfTay ift, and Supple-

ment.

(d) See a Memoir by M. wargentin, in the 15th volume of the Colhnlon

Academlquey printed at Paris, 1772. From this memoir I learn, that in 1757,

and 1760, and 1763, a furvey was made of the inhabitants of Sw'eden, diftin-

guifhing, particularly, the numbers of both fexes living at every age; and that

alfo, for nine yeare (or from 1755 to 1763), an exaift regifter was kept of the

number of births and burials in each year, diftinguifhing the age and fex of

every one that died. I do not know whether this regulation has been continued

to



[ 427 ]

At ROME, an account is taken every year of the num-
ber of inhabitants ;

and, in the year 1 7 7 i
,
it was 159675.

The average of deaths for ten years had been 7367 ;

one, therefore, in 21^ died annually.

In LONDON I have fliewn, with an evidence which I

think little fliort of demonftration, that at leall i in 2o|-

of the inhabitants die annually And, from a parti-

cular furvey and a very accurate regilfer of mortality at

NORTHAMPTON, it appears^ that i in 267 die there an-

nually.

Let thefe fa6ls be compared with the following. In

1767, a furvey was made of the inhabitants of the illand

of MADEIRA, under the diredtion of Dr. thomas heber-

DEN, and their number was found to be 64614. The
average of burials for eight pi'eceding years had been

1293. Only I in 50, therefore, of the inhabitants died

annually (fee Philofophical Tranfadtions, vol. LVII. p.

461.).

to the prefent time; but the vefult of it, for the nine years I have mentioned, as

given by M. wargentin in this Memoir,, contains indeed a moil curious ac-

count of the Rate of population in Sweden; and it is particularly to my prefent

purpoft to mention, that it Brews, that though a igth part of the inhabitants of

Stockholm die every year, yet in the whole kingdom, taking all the towns and

country together, not more than a 35th part die every year. In 1757, Sweden

conlifted of 1101595 males and 1221600 females; in 1760, of 1121053

males and 1246445 females; and in 1763, of 1165489 males and 1280905

females. The annual average of births, from 1755 to 1763, was 46223 males

and 44017 females; of marriages, 21219; of deaths, 34088 males and 35037
females.

(e) See Obfervalions on Reverfionary Payments, ElTay IV. p. 253, &c.

The
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The diftricl of vaud, in Switzerland, in 1766, con-

tained 1 1 295 1 inhabitants. The average of deaths for

ten preceding years had been 2504. Only i in 45, there-

fore, died annually (7A

The number of inhabitants in the paridi of ack-

WORTH, in the county of York, in 1757, was 603 ; and

the average of deaths for ten years had been i o-^^, or

a 5 6th part. In 1767, the inhabitants were increafed to

728; and the annual average of deaths was 151^, or

nearly a 47 th partr^;.

The realbnof this ftriking difference between the rate

ofhuman mortality in towns and in country pariflies and

villages mulf be, firft, the luxury and the irregular modes

of lifewhich prevail in towns ; and, fecondly, the foulnefs

of the air. But it has been inquired, whether the migra-

tions of people from the country to towns may not pro-

duce this difference,by leffening the proportion of inhabi-

tants that die in the country, and increafing the fame pro-

portion in towns ? In anfwer to this enquiry I would ob-

ferve : firft, that this difference bemg a difference of near

a half, it is apparently much greater than can be accounted

for by any fuch caufe. But, fecondly, it fliould be confi-

fyj See M. muret’s Memoir on the State of Population, in the de

Vaud, printed at Bern, in 1766; and the Supplement to the Obfervations on

Reverfionary Payments, p. 358. 3d edit.

(gj I owe this information concerning the parlfh of Ackworth to a curious

regifter kept there by Dr. lee. I have taken the liberty to Infert this regifler

in the poftfcript, together with the annual regifler and furvey of Rome from

1762 to 1771.

2 dered,
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ciered, that if migrations lelTenthe number of deaths, they

alfo leflen the number of inhabitants ; and that it depends

intirely on the ages at which the inhabitants remove

from a place, whether the effebt of their removal lhall be

lowering or railing the proportion of the annual deaths to

the number of inhabitants. In the prefent cafe, the

truth appears to be, that the moll common age of mi-

gration from the country is fuch as raifes this proportion

in the country. This will be evident from the fol-

lowing conliderations. The period of life in which per-

fons remove from the country to fettle in towns, is chiefly

the beginning of mature life, or from the age of i o or

15 to 25 or 30. In infancy, none migrate; and in the

decline of life, it is more ufual to retire from towns than

to remove to them. Towns, therefore, will be inhabited

more by people in the firmefl: parts of life
;
and, on the

other hand, the country will be inhabited more by peo-

ple in the weakeft parts of life ;
and the confequence of

this is, that in the country, the inhabitants mufldie falter

in proportion to theirnumber than they otherwife would,
and that in. towns they muft die more llowly. In parti-

cular, the number of children is always much greater in

the country than in towns
;
and this is a circumitance

which mufl; be extremely unfavourable to the former:

for it is well known, that there are no years of life, in

which fo many of a given number die, as the firft three

or four years. Till the age of live, human life, like a;

lire beginning to burn, is very feeble
;
and in fome fltii-

aiions more than half, and in others, a third or fourth

of all that are born die before that age. After this, life
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grows lefs and lefs precarious till it acquires its utmoft

vigour at I o or 1 5 ; and of the living at this age, not above

I in 70 or 8 o dies annually in the world lituations; and

in the heft htuations, not above i in 1 50 or 1 60. Af-

ter 15, life declines, and continues to do fo more and

more, till it becomes quite extindt in old age. If, there-

fore, in any lituation, the inhabitants confift moreof per-

fons in mature life, and yet die fafter, it mull be owing

to fome particular caufes of mortality that operate there.

This is the cafe in all towns where any obfervations have

been made. Manchefter, in particular, is not only kept

up, but increafes fall, by removals to it of perfons in the

prime of life. The country round it increafes likewife

;

but it is by an excefs of the births above the deaths; that

is, by acceffions to it of children in the very feebleft part

of life. This ought to raife the proportion of annual

deaths to inhabitants in the country, much above the

fame proportion in the town
;
but, inftead of this, it is

near one-half lower.

It may be needlefs to add any thing to thefe obferva-

tions.

In order, however, to put this matter out of all doubt,

I will obferve farther, that it appears in fa6t, from the

accounts furnillied by Dr. percival, that the number
of inhabitants in the periods of life when mankind die

fafteidr^^’ (that is, in the firft and laft ftages of life), is con-

^n) In towns, about a fomtli of the inhabitants die commonly between 14

and 51; a fifth or lixth die at 5 1 and upwards; and the remainder die under

15. In country pariflies and villages about a fifth die between 14 and 5 1 ;
about

two-fiftlis at 51 and upwards; and the remainder uiider 15.

fiderably
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:^deral)iy lefs in the town of Mancheller than in the ad-

jacent cottntry. The number of inhabitants in the town,

under 15 and above 50, is 13467; in the country,

•7305. And the whole number is, in the town, 27246 ;

in the country, 13786. In the town, therefore, the in-

-habitants, in the firft and lad: ftages of life, do not make
half the whole number; but in the country, they make
conliderably more than half. At Ackworth, likewife, in

Yorkfhire, the inhabitants under 15 and above 50 are

moredhan half the whole number
;
and the fame is true

at Hale near Altringham, at Horwich, at Darwen near

.Blackburn in Lancadiire, and at Cockey Moorr<; near

Bolton,

(i) lam much indebted to Dr. percival for the following account pf

thefe places. The fociety belonging to the chapel at Hale is compofed of 140

males, 136 females, 92 married perfons, 8 widowers, 12 widows, 105 under 15,

and 41 above 50. The deaths, during feven years, have been 28, and the

births 68. Mr. evans’s congregation at Horwich, confifts of 305 individuals;

«;/%. 149 males, 156 females, 94 married perfons, 9 widowers, 8 widows, 127

under 15 years of age, and 50 above 50. The births, for feven years, lOi ; the

deaths 32. A 66th part, therefore, die annually in both thefe places. The rev.

Mr. Smalley’s congregation atDarwent, conlifts of 1850 individuals; 900

males, 950 females, 640 married perfons, 30 widowers, 48 widows, 737 perfons

under the age of 15, and 2t8 above 50. During the laft feven years the births

have amounted to 508, the deaths to 233. A 56th part, therefore, die annually.

Mr. barnes’s congregation at Cockey Moor, conlifts of 154 families and 711

individuals ;
namely, 320 males, 391 females, 248 married perfons, lO widowers,

27 widows, 252 perfons under the age of 15, and 99 above 50. Deaths in, feven,

.

years 1 14; in which period the deaths were conliderably increafed by an uncom-

mon fatality of the fmall-pox. One perfon in 44 died, annually. The rev. .Mr.

mercer’s congregation at Chowbent, in Lancalhire, conlifts of 1160 perfons;

vi^. 554 males, 606 females, 173 males and 15O females under the age of ten, 83

Voim LXV, M m m males
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Bolton, in the fame county ; and yet in fome of thefe

places it appears, that not a 6oth part of the inhabitants

die annually.

At Stockholm, in 1763, the inhabitants under the age

of 5, were only a 1 2th; above 70, only a 46th part of

the whole number. But in all Sweden,the number un-

der 5 was a 7th; and above 70, near the 3 2d part of all

the inhabitants : and yet 3 5 die in the town to 1 9 in the

whole kingdom. This may be eahly deduced from Mr.

wargentin’s tables in the Colle^ion Academique before

quoted.

To the accounts which give the proportion of inha-

bitants to annual deaths fo high as 30 or 60 to i, it has

been farther objed;ed, that if true, it muft follow, that

in fuch htuations half the inhabitants mull live to 5 o or

60 years of age. But were this a right inference, there

would be nothing in it incredible. For though in mod:

cities one-half die in the firlf two or three years after

birth
;
yet, in many country lituations, the greater part

live to marry : and in the parifli of Ackworth, particu-

larly, it appears with undeniable evidence from the re-

gifter, that one-half of allborn there live to the age of 46.

It appears alfo, with equal evidence, from M. xMuret’s

tables in the Bern Memoirs for 1766, that in 43 pa-

rifhes in the diftridf of Vaud, one-half of all born there

males and 91 females above 50, 398 married perfons, 26 widowers, and 43 widows.

The baptifms during fix years, wanting fix weeks, have amounted to 293, and

the deaths to 169. Oaeperfon, therefore, in 41 died annually. Thefe fiirveys

were made in t^bc year 1773,.

live
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live beyond the age of 41. In truth, did all mankind
lead natural and virtuous lives, that wafte of the fpecies

which happens in infancy and childhood would not take

place, and few would die except in old age. The in-

ference, however, which I have mentioned, cannot be

made with reafon. It is juft only in the particular cafe

of an uniform decreafe in the probabilities of living, from

birth to old age; and this is a cafe that has never exifted.

In all other cafes, there is not any neceflary connexion

between the proportion of inhabitants dying annually,

and the age to which the greater part live. In moft ci-

ties one-half, as I have juft obferved, of all that are born

die before two or three years of age. But it cannot be

imagined, that there is any place where fo many as one-

half or a third of the inhabitants die every year.

But to return to Dr. percival’s account of the town and

parifti of Manchefter. It appears from this account, that

the number of children under 15, compared with the

number of inhabitants between 14 and 5 1, is greater in

the country than in the town of Manchefter, in the pro-

portion of no lefs than 5 to 4^^;. It follows, therefore,

that though, in confequence of a conftant influx of peo-

ple to the town, it is more filled than the country with

(k) In the town, the number of inliabltants between 14 and 51 is 13779 »

and 9575 under 15. In the country, the former number is 6481 ; and the latter,

5545. But the laft number would have been only 45 *^3 >
proportion of

the inhabitants between 14 and 51 to the inhabitants under 15 been the fame in

both fituations. It is owing to this, that the number of perfons in a family in

the country is 5| ; but in the town only 4I.

M m m 2 inha-
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inhabitants in the moft vigorous periods of life; yet one

child in four lefs is born in the town than in the coun-

try. This is a remarkable circumltance, and the reafons

of it muft be the two following. Firft, the town inhabi-

tants being lefs healthy, and dying fafter, have not the

fame flrength of conftitution with the country inhabi-

tants. Secondly, in the town a fmaller proportion of the

adult inhabitants marry; and they marry later than in

the country. The furvey fully proves this; for it ap-

pears, that though the number of inhabitants at the moft

common marrying ages, compared with the whole num-
ber of the living above the age of 1 4, is fmaller in the

country than the town; yet the proportion of the mar-

ried to the living above 1 4, is very nearly the fame in

both fttuations. And there are more widows and wi-

dowers in the town than in the country in the propor-

tion of near 16 to 1 1. We learn from hence, I think,

-clearly in what manner towns operate in checking po-

pulation, and preventing the increafe of mankind.

Dr. PERCiVAL informs us, that the reverend and learned

Dr. TUCKER has been led, by fome obfervations he has

made at Briftol, to doubt whether the common opinion

is right, with refpe6t to the difproportion between the

number of male and female births
;
and that he, there-

fore, wiflies a farther inquiry may be made into this fub-

jecft. This has induced me to collect the following facts,

which, I think, will abundantly fettle this point.

In
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Born Males.

In London for the laft iio years, or from 1664 1 q,

to 1773, ]
302293

Paris, for 8 years ( 1), 79^93
Leyden, for 50 years (tn), 4^773
Vienna, for 27 years, ending 1746 ('»/, 67060

Berlin, for 40 years, ending 1761 (o)j 71188

Kurmark of Brandenburgh, for 9 years, ending "1

1759 w. i
* ^

Dukedom of Masdeburgb, for 28 years, ending; I

.759 r?;.

All the Prulhan towns, fora courfe of years, (r), 691826

In a great number of country parifhes, for aT
^

courfe of years ('rj, J

In the fame country parifhes, for another period 1 o - f.,

of years (/j, /

Leeds, Manchefter, Coventry, &c. for a period 1
^

o
g

.

of years (u), j ‘ ^

In the fame towns, for another period (x)^ 57084

Total,

Sweden, for 9 years, ending 1763,

2388950

Females. Proportion.

817072 20 to 19

76481 25 to 24

44933 26 to 25

64893 31 to 30

67431 20 to 1

9

96521 j 8 to 1

7

145985 21 to 20

659072 21 to 20

56282 2 I to 20

84954 19 to 18

103449 20 to 19

54128 20 to 19

2271201 20 to 19

416007 396124 20toi9

Mr. DERHAM, ill his Phyfico-Theology, p. 175. has

ftated the proportion of male to female births at 1 4 to

13, and this proportion has ever lince been generally re-

ceived as the true one; but it appears from this table,

that it ought to have been Hated at 20 to 19. But

though it appears, that the number of males born is in

this proportion greater than thenumber of females born,

yet, in moft places, the number of males living has been

(l) See susM. gottlicke Ordnung Tables, p. i6. {m) Ibid.p. 17.

(nj Ibid, p. 13. (0) Ibid. p. 12. (p) Ibid, p, 3. (q) Ibid. p. 5.

(r) Ibid.p. 9. (s) See Dr. short’s New Obfervations, p, 27.31.

pjlbid. p. 30. {ti-) Ibid. p. 49. ^x) Ibid.p. .

found
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found to be lefs than the number of females. The rei-

foil isj without doubt, that males are more diort- lived

than females
;
and this is owing partly to the peculiar

hazards to which males are fubjed:, and their more irre-

gular modes of life
;
but it is owing principally to fome

particular delicacy in the male conftitution, which ren-

ders it lefs durable: for there are many obfervations

which prove, that the greater mortality of males takes

place chiefly in the firft and laft ftages of life. A few

fa6ls of this kind I will beg leave to mention, becaufe I

have juft met with them.

In the parifli of St. Sulpice, at Paris, during 30 years,

5 males under a year old died to 4 females. But under

10
,
only 13 males died to 12 females (fee susmilch.

Tables, vol. II. p. 30 ,)

In Stockholm, during 9 years ending in 1763, the

number of ftill-borns amounted to 666; of whom 390
were males, and 276 females; that is, 10 to 7. The
number of the living in the town above the age of 80

was, in 1760, 332; of whom 248 were females, and

84 males, or near 3 to i. In the whole kingdom of

Sweden, including all town and country inhabitants, the

number of ftill-borns, during the 9 years juft mentioned,

was 19845; of whom 1 1 424 were males, and 8421
females, or near 4 to 3. The number of the living in the

whole kingdom conflfted of more females than males, in

' the proportion of 10 to 9. It conflfted of more females

turned of 80 than males, in the proportion of 33 to 19;

?ind of more females turned of 90 than males in the pro-

portion
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portion of near 2 to i . (See M. wargentin”s Memoir in

the Colle^iion Academique^ vol . XV
.) Havingnow had oc-

cafion to refer again to this Memoir, I y/ill jufl add, that

it appears, thatby the excefs of the births above the deaths,

Sweden gains every year an addition of above 20000
inhabitants

;
and that in lix years they increafed from

2323195 to 2446394. I am afraid, were regulations

eftablifhed for a fimilar inquiry in this kingdom, we
flrould be far from, finding our flate, fo encouraging.

London alone is a gulph which fwallows up an increafe

equal to near three-fourths of .that of Sweden.

P O S T S G R I P T.

The following tables have been fele61ed from feveral

more of the fame kind in M. wargentin’s Memoir on
the Rate of population in Sweden. I have inferted them
here, becaufe they fully verify moft of the obfervations

in the preceding paper, and contain more diftindl and

authentic information on the fubjedt of human morta- -

lity than I have ever before met with.

TABLE
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TABLE I,

Shewing the order of human mortality in Sweden.

Annual deaths, being

the average of three

years, 1761, 176*,
and 1763.

Number ef the liv ing in 1763.

Males. Females. Males. Females.

Still-born, 1324 988 Born, 47216 44892

Died under i 1 1 172 9850 Living under i 36094 35453

Died between i and 3 4393 4336 Living betw. I and 3 66059 67234

3 5 2206 2249 3 5 66454 6771I

5 10 2151 2057 5 10 1 300 1

9

130758

10 IS 933 834 10 15 126696 128021

15 20 711 658 IS 20 108312 109985

20 25 834 756 20 2S 92299 105115

25 30 883 863 25—30 88056 101003

30 35 1020 1 146 30 35 85936 95811

35 40 955 923 35 40 74826 81453

40 45 1180 1170 40 4s 6, 8 74854

45 50 X099 938 45 50 52398 59551

50 55 1280 1113 50 55 47 ^98 56646

55 60 1177 1097 55 60 37'^86 45537

60 65 1586 1721 60 65 34892 44925

65 70 1237 1566 65 70 20049 28964

70 75 1322 2041 70 75 15454 23159

000! 1092 169s 75 80 8 58 13556

000 00 917 1446 A 80 85 4620 7487

85 90 414 650 85 9° 1508 2694

Above 90 215 379 Above 90 527 988

Total of annual deaths, 36777 37.488 Total of the living at all ages,
1 165489 1280905I

6 In
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In this table it is obfervable, that the number of the

living, in every equal divihon of life from birth, de-

creafes continually till all become extindt; and that

though the males born are more than the females born,

in the proportion of 20 to 1 9 ;
yet the males living of all

ages are lefs in number, in the proportion of 1165489
to 1280905, or nearly of 10 to ii; notwithftanding

which, the males that die annually are to the females as,

52 to 53.

VoL. LXV. K n n TAB-Li:
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T A B L E II.

'Shewing the order of human mortality at Stockholm.

.

Vnnual deaths, being
j

the average of three

years, 1761, 1762,
and I 76-3.

Number of the living in 17^> 3 -

Males.
'

"emales. Males. iFemales.

Still-born, 54 43 iorn,. 1406 1340
.

Died under i 567 489 Living under i 684 733

Died between i and 3 161 170 Living betw. i and 3 1173 1348

3 5 80 79 3 5 1022 1 106

5 10 71 72 5 2630 2774

10 15 49 24 10 15 3151 2918

15 20 53 30 15 20 3018 2865

20 25 91 64 20 25 3070 4056

25 30 121 78 25 3° 3380 4251

30 35 141 102 30 35 3705 4234

I

35 40 118 96 35 40 3019 3288

!

40 45 140 115 40 45 2846 3130

' 45 50 lOl 84 45 50 1775 1984

50 55 105 91 50 55 1581 2129

55 60 61 54 55 60 853 1329

60 65 79 88 60 63 826 1383

65 7c 41 54 65 7c 370 778

70 75 33 77 70 75 260 574

75__8c 28 59 75 8c) 128 324

80 8t 18 45 80 8^ 58 127

SS 9^> 7 20 85 9c3 16 51

Above 90 3 1

1

Above 90 10 22

Total of annual deaths
,

2068 1902 Total of the living at all ages, 33575 39404

In
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In this table it may be obferved, that the number liv-

ing at every age from birth decreafes only till five. Be-

tween 5 and lo Stockholm begins to receive recruits

from the country, and they come in fafter and fafter till

3 5 ;
after which age it appears, that more die than come

in
;
and that the. living in every fubfequent period goes

on decreafing continually till the end of life. It is far-

ther obfervable, that this table exhibits a greater differ--

ence than the former, between the mortality of males

and females.-

A comparifon of thefe tables will fiiew a ftriking con-

trafi: in other refpe6ts between the fiate of human mor-

tality in the whole kingdom of Sweden and in its capi-

tal. In order to make this more obvious and unexcep-

tionable, I will add the following table, deduced from alb

M WARGEN tin’s tables taken together.

N n n 2 TAB LLE
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TABLE III*

In all SWEDEN lor nine years In*TOCKi!OLM lor 9 years.

Males. Females. Males. Females.

Still-born, 1 in 36 I in 47 1 in 32 I in 43I

Died under i of all born, I in 43 I in 4l I In 2} I in

Died annually of the 1

living betw. i and 3 J

1 in • 7t I in 17I
I

I in 7 I in
X

/ J

Between 3
"^— 5 I in 34l 1 in 56 I in I in 16

5
-— 10 t in 7 » I in 76 1 in 34

-

1
-

I in 39

— '5 I in 149 1 in 161 I in 79 i in 114

* 5
-— 20 t in M 9 1 in 164 l in 59 t In 99

20— 2$ I in 108 I in «39 I in 44 I in 79

25-^—30 I in 98 I in 113 1 in 33 I in 58

30-—35 I in 85 1 in 84 1 in 31 I in 43

35
-—40 1 in 78 I in 9 ' I in 261 1 In 3910 1 in 56 I in 63 I In 23 I in 31

45 50 I in 49 I in 6s I in 19I I in 28

50-—55 I in 37 I in 50 I In 1 in J X

55
-—60 I in 3 ' I in 40 I in 14 1 in 24

60—— 65 I in 23 I in 26 I in 11 I in 16

65 70 r in 17 I in i8| 1 in 9 l I in 13}

70 75 I in 1 in Ilf- la ^ 3
/

I in 8

75
—80 I in 8 1 in 8| I in 4 1 in 5

So- 8^ I in 5 l 1 in 5l I in 3i 1 in

«
5
-—90 1 in ^4 in 4 I in 2 I in 2}

Above 9b i in 2 i' ! I in 2 i I in 1 in b I
^ J

Died of ail living at all ages,
I

I in 33 ^ i
-I in 36 I in * ?Ta I in 2-1

A general
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A general Bill of all the christenings and burials in

the Parifh of ackworth, in the county of york, ex-

traaed from the Parifli Regifter, for ten Years, from

March 25, 1747? to March 25, 1757-

In ten Yea
In ten Yea

rs Chriltened, iV

rs Buried, IV

Males, jfemales

ales

hies t

Total.

I. Females 65. Tott

8. Females 49. Ton
il, 127.

il, 107.

Males. females. Total.

Whereof have died

Under ttvo years old) 6 1

1

17

And there have died of

Apoplexy, 0 I I

Between z and § 1 2 3
Cancer, t 0 I

5
2 2 4 Cholic, I 0 I

10 20 I 2 3
Confumptlons, 10 13 23

010 6 2 8 Dropfy, 4 I
s

0 4^ 0 3 3 5
Fevers, 23 12 35

4G 50 1

1

3 «4 Infants, 6 7

01 Os0 9 2 1

1

Lunacy) 0 I I

60 70 9 7 16 Old Age, 9 15 24

0 CO 0 9 8 17 Palfey, I 0 1

80— 90 1 6 7
Qulnfey, 0 I I

001Cs 1 1 2 Small- Pox, I 0 I

Of all, in 10 Years, 58 49 |i07
hf the above Dif-

|

1
tempers, in ic Y. J

56 51 107

f 1^0 Hcufes, twelve of which ate uninhabited)

In this Parifh there are
Souls of the toliowir.g Ages ; viz.

Males. Females. Total Males Females. Total.

Under two )Tars old 12 19 31 Between 40 and 5 0 40 22 62

Between z and « 25 »9 44 50^ 60 38 33 71

5—-IC 30 .48 6S ic 70 25 14 39

10 2e 59 58 117 0 00 0 4 8 I 2

20 7c 55 41 g6 Sc-" 90 4 G 4

30 4^ 26 33 59 90. 1 00 0 0 ,0

t

!

Total of all Ages, cc4
^ 285 603

A ^>;encra]O
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A genei-al Bill of all tlie christenings and burials in

the Pariili of ackworth, in the County of york, for

ten years, from March 25, 1 7 5 7 ,
to March 25,1767.

In ten Years Chrillened, Males, 104. Females, 108. Total, 212.

In ten Y'ears Buried, Males, 79. Females, 77. Total, 156.

Males. Females. Total. Males. iFernales. Total
i

1

Whereot have died And there have died of

Under two years old. 18 13 31 Apoplexy, 2 I 3

Between 2 and 5 9 7 16
Allhma,
Cancer,

2

Q
I

I

3
I

5 10 4 I 5 Caftialties, 5 I 6
Childbed, 0 2 2

IO-- 20 2 2 4 Chincough, 0 2 2

0t 0 7 5 12 Conlumptions, 23 15 38

8 I r
C'onvullions, 4 2 6

CO 0 0 3 Diabetes, 1 0 1

40— 50 2 4 6 Dropfy, 0 3 3

50 60 1

1

3 14
Dylentery,

Fever,

1

1 2

I

1

1

2

23
60 70 13 »3 26 Jaundice, 1 0 I

0CO10 7 2 I

Infants,

Lunacy,
7

0

6

I

13
1

80— 90 3 6 9 Meafles, 0 2 2

Mortification, 2 I 2
90— 100 0 I I

Old Age, 1

1

19
J

30

of all Ages, in loY. 79 77 136
Palfey,

Quinlev,
I

1

0

0
I

I

Small-Pox, 7 6 *3
Teeth, 0 I

Ot all the above Dif-

1

So 156
1 orders, in 10 Years,

j

76

T .U- 0 .-a, .1,0.-.. J 184 Houfes, eleven of which are uninhabited,
in this r til iin there tire 1^,001 11 * a

|_
728 Souls of the tollowing Ages

;
viz.

Males. Females, Total. Maks. Fem.iks. Total

Under two years old, 31 25 36 Between 40 and 50 3 ' 3 ^ 69
Between 2 and 5 32 3 <^ 68 50 60 28 32 60

S 10 34 38 72 60 70, 20 28 48'

10 20 5 ° 51 lOI 0CO04^ 7 10 17
20 30 44 63 107 80 90 2-

4 6
01r0 61 62 123 90 100 0 I 1

Total of all Ages, 339 389 728

In 1702 there were only eleven children baptized, fix cf whom are now living in the

parilh, and have refided here slnmH all the time.

Abifra6t
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XLIIL Experiments on Animals and Vegetables, with re*

fpeci to the Power ofproducing Heat, By John Hun-
ter, F. R, S,

Redde, June 22, ^ HE ingenious experiments and ob-

fervations lately prefented to this

learned Society, upon a power which animals feem to

polTefs of generating cold, induced me to look over

my notes of certain experiments and obfervations

made in the year 1766, which indicate an oppolite

power in animals; whereby they are capable of re-

lifting any external cold while alive, by generating

within themfelves a degree of heat fufficient to coun-

tera<ft it. Thefe experiments were not originally infti-

tiited in view of the difcovery, which in the event re-

fulted from them, but for a very different purpofe;

which was no other than to fatisfy myfelf, whether an

animal could retain life after it was frozen, as had been

confidently afferted both of fifti and fnakes. I men-
tion this, to account for what might otherwife be attri-

buted to negligence and inattention
;
namely, that little

nicety was ufed in meafuring the precife degrees of the

cold applied in thefe experiments. Accuracy in this par-

ticular was not aimed at, being of no confequence in the

6 inquiry
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inquiry more immediately before me. The cold pro-

duced was firft by means of ice and fnow with fal am--

moniac or fea-falt, and was about io° of Fahrenheit’s

thermometer. Then ice, fo cooled, was mixed with fpi-

rit of nitre ; but what degree of cold was thus produced I

did not examine. This cold mixture was made in a

tub fnrrounded with woollen cloths, and covered with

the fame, to prevent .the effecTs of the heat of the at-

mofphere upon the mixture itfelf, and to preferve as

much as polfible a cold atmofphere within the veffel.

The animal j Liices, the blood for example, freeze at 25°;

fo that a piece of dead flelh could be frozen in fuch an

atmofphere,

EXPERIMENTS.
I. The firft experiment was made on two carp. They

were put into a glafs veftel with common river water,

and the vefl'el put into the freezing mixture
;
the water

did not freeze faft enough; an<l therefore, to make it

freeze fooner, we put in as much cooled fnow as to make
the whole thick. The fnow round the carp melted; we
put in more frefli fnow, which melted alfo

;
and this was

repeated feveral times, till we grew tired, and at laft left

them covered up in the yard, to freeze by the joint ope-

ration of the furrounding mixture and the natural cold

of the atmofphere. They were frozen at laft, aftei' hav-

ing exhaufted the whole powers of life in the produc-

tion of heat. That this Was really the cafe, could not

be known, till I had compleated that part of the expe~

- fYoL. LXV. Oo o rimentj
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riment, for which the whole was begun; viz. the thaw-

ing of the animals. This was done very gradually ;
but

the animals did not with flexibility recover life. While

in this cold, they Ihewed figns of great uneafmefs by

their violent motions. In fome of thefe experiments,

where air was made the condudtor ot the cold and heat,

that the heat might be more readily carried off from

the animal, a leaden veffel w^as ufed. It w^as fmall for

the fame reafon; and as it w^as neceffary, for the animal’s

refpiration, that the mouth of the veffel fliould commu-

nicate with the open air, it was made pretty deep, that

the cold of the atmofphere round the animal might not

be diminiflied faff by the warmth of the open air, which

w'^ould have fpoiled it as a conductor.

II. The fecond experiment was upon a dormoufe..

The veffel was funk in the cold mixture almoft to its

edge. The atmofphere round the animal foon cooled; its

breath froze as it came from the mouth ;
an hoar-froftga-

thered on its whifkers, and on all the inflde of the veffel

and the external ends of the hair became covered with the

fame. While this was going on, the animal ihewed ligns.

of great iineafinefs : fbmetimes it would coil itfelf into a

round form, to preferve its extremities, and confine its

heat; but finding that ineffeaual, it then endeavoured to,

make its efcape <'"^;, its motions became lefs violent by

{a) Thls.fhews^ that cold, earned to- a great degree, rather roufes the am-

jpal intt> aftion than depreffes it; but it would appear, from many circumftances.

and obfervations, that a certain degree of cold produces maftivity both in the

^ving and fenfative principle, wliich will be farther illuftrated hereafter.

ths'
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the finking of the vital powers; and its feet were frozen;

but we were not able to keep up the cold a fufficient time

to freeze the whole animal, its hair being fuch a bad con-

du61or of heat, that the confumption was not more, than

the animal powers were capable of fupportingf'^^.

III. The third experiment was made upon another

dormoufe. From the failure of the laid experiment, I

took care that the hair fhould not a fecond time be an

obftruclion to the fuccefs of our experiment. I there-

fore firll: wetted it all over, that the heat of the animal

might be more inftantaneoully carried off; and then it was

put into the leaden veffel. The whole was put into the

cold mixture as before. The animal foon gave figns of its

feeling the cold, by repeated attempts to make its efcape.

The breath, and the evaporating water from its body

wxre foon frozen, and appeared like a hoar-froft on the

fides of the veffel, and on its whifkers; but while the vi-

gour of life lafted, it defied the approach of the cold.

However, from the hair being wet, and thereby rendered

a good condu61or of heat, there was a much greater con-

fumption of it than in the former experiment. This

haftened on a diminution of the power of producing it.

The animal died, and foon became fliff; upon thawiilg

it, we found it was dead.

(b) Thefe’ experiments were made in prefence of Dr. george fordyce

and Dr. erwin, teacher of Chemiftry at Glafgow ;
the latter of whom came

in accidentally is the middle of our operations.
.

^

IV. TiltO O o 2
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IV. The fourth experiment wus upon a toad. Jr v:?.9

put into water julf deep enough not to cover its mouth,

and the whole was put into the cold mixture, now be-

tween io° and 15®. It allowed the water to freeze clofe

to it, which as it were clofed it in; but the animal didr

not die, and therefore was not frozen: however, it

hardly ever recovered the ufe of its limbs.

V. The fifth experiment was with a fnail, which froze

very foon, in a cold between 10° and 13°; but this exj^e-

riment was made in the winter, when the living powers

of thofe animals are very weak : it might have refilled

the cold more ftrongly in the fummer.

To afcertain whether vegetables could be frozen, and'

afterwards retain all their properties when thawed, or

had the fame power of generating heat with animals, I

made feveral experiments. Vegetable juices when
fqiieezed out of a green plant, fuch as cabbage and Ipin-

nage, froze in a cold about 29'’; and between 29^ and

30° thawed again, which is about 4° above the point at

which the animal juices freeze and thaw.

I. I took a young growing bean, about three inches

long in the ftalk, and put it into the leaden vefiel with

common water, and then immerfed the whole into the

cold mixture. The water very foon froze all round it;

however, the bean itfelf took uj> a longer time in freez-

ing than the fame quantity of veater would have done

;

yet it did freeze, and was afterwards thawed, and jdanted

in the ground, but it foon withered. The fame expe-

3 rimeiit
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1

riment was made iipan the bulbous roots of tulips, and

with the fame fuccefs.

II. A young Scotch fir, which bad two compleat

fltoots and a third growing, and which confequently ^vas

in its third year, was put into the cold mixture which

w'as between 15° and 17°. The laft flioot froze with

great difficulty, which appeared to be owing in fome

meafure to the repulfioii between the plant and the wa-

ter. When thawed, the young ffioot was found flaccid.

It was planted ; the firft and fecond flioot we found re-

tained life, while the third, or growing flioot, withered.

III. A young flioot of growing oats with three leaves,

had one of the leaves put into the cold mixture at 22°,

and it fooii was frozen. The roots w'ere next put in, but

did not freeze
;
and when put into the ground, the whole

grew, excepting the leaf which had been frozen. The
fame experiment was made upon the leaves and roots of

g bean, and attended with the fame fuccefs.

A leaf taken from a growing bean was put into

the cold mixture, and frozen, and afterwards thawed,

which ferved as a ftandard. Another frefli leaf was

taken and bent in the middle upon itfelfj a fmall flial-

low leaden veffel was put upon the top of the cold mix-
ture, and the two leaves put upon its bottom; but one-

half of each leaf was not allowed to touch the veflel by

the bend; the cold mixture was between 17° and 15%
and the atmofphere at 22°. The furfaces of the two

leaves wffiicli were in contadl with the lead were fooiv'

frozen

a youn

IV^
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frozen in both
;
but thofe furfaces which rofe at right

angles, and were therefore only in contadt with the cold

atmofphere, did not freeze in equal times
; the one that

had gone through this procefs before, froze much fooner

than the frefh one. The above experiment was re-

peated when the cold mixture was at 25°, 24°, and the

atmofphere nearly the fame, and with the fame fuccefs

;

only the leaves were longer in freezing, efi^ecially the

frefli leaf,

V. The vegetable juices above mentioned being fro-

zen in the leaden veffel, the cold mixture at 28°, and the

atmofphere the fame, a growing fir-lhoot was laid upon

the furface, alfo a bean-leaf ; and upon remaining there

fome minutes, they were found to have thawed the fur-

face on which they lay. This I thought might arife from

the greater warmth of thefe fubftances at the time of ap-

plication ; but by moving the fir-flioot to another part,

we had the fame effect .produced,

VI. A frefli leaf of a bean was exactly weighed; it

was then put into the cold atmofphere and frozen. In this

ftate- it was put back into the fame fcale, and allowed to

thaw. No alterationdn the weight w*as produced.

It appears from the above experiments, that an ani-

mal muf: be deprived of life before it can be frozen.

Secondly, that thefe is an exertion, or an expence of ani-

mal powers, in doing this, in proportion to the neceffity

;

and that the whole animal life may be exhaufted in this

way. Thirdly, that this power is iif pfoportion to

the
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the perfecStion of the anim^il, the natural heat proper

to each fpecies, and to each age. It may alfo perhaps

depend, in fome degree, on other circumftances not hi-

therto obferved: for from experiment ii. and iii. upon

dormice, I found that in thefe animals, which are of a

conftitution to retain nearly the fame heat in all tempe-

ratures of the air, it required the greateft cold I could

produce to overcome this power; while in experiment

IV. and V. this power in the toad and fnail, whofe na-

tural heat is not always the fame, but is altered very

materially according to the external heat or cold, was

exhaufted in a degree of cold not exceeding i o° or 15°::

and the fnail being the moft imperfedt of the two, its^

powers of generating heat were by much the weakefl..

That the imperfe6t animals will allow of a confiderable;

variation in their temperature of heat and cold,, is proved

by the following experiments. The thermometer be-

ing at 45°, having introduced the ball by the mouth into.,

the itomachof a frog, which hadbeenexpofed to the fame

cold, it rofe to 49°. I then put the frog into an atmo-

fphere made warm by heated water, and allowed it to^

ftay there twenty minutes ; when,, upon introducing the."

thermometer into the ftomach, it raifed. the quicklilver^

to 64°. But to what degree the more imperfedt ani-

mals are capable of being rendered hotter and colder,,

at one time then another, I have not been able to deter-

mine. The torpidity of thefe animals in our winter is>

|«:obably owing to the great change wrought in their

temperature:
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1)V die external heat and cold. The cold in their bodies

is carried to fuch a degree, as in great meafure to put a

Hop, while it lafls, to the vital fuiuftions. In warmer
climates no fuch efFecd is produced. In this refpe6t they

relerable vegetables.

From the foregoing experiments it appears; firft,that

plants when in a Hate of actual vegetation, or even in

fuch a Hate as to be capable of vegetating under certain

circumftances, mufl be deprived of their principle of ve-

getation before they can be frozen. Secondly, Vegeta-

bles have a power within themfelves of producing or ge-

nerating heat; but not always in proixirtion to the dimi-

nution of heat by application of cold, fo as to retain at all

times an uniform degree of heat : for the internal tempe-

rature of vegetables is fufceptible of variations to a much
greater extent indeed than that of the more imperfe6t ani-

mals; but Hill within certain limits. Beyond thefe limits

the principle of vegetable, as ofanimal life, reiifts any fur-

ther change. Thirdly, the heat of vegetables varies, ac-

cording to the temperature of the medium inwhich they

are, which we difeover by varying that temperature,

and obferving the heat of the vegetable. Fourthly, the

expence of the vegetating powers in this cafe is propor-

tioned to the ncceffity, and the whole vegetable powers

may be exhauHed in this way. Fifthly, this power is

mod: probably in proportion to theperfeffionof the plant,-

' the natural heat proper to each fpecies, and the age of each

individual. It may alfo perhaps de|rend, in fome. degree^

on other circumftances not hitherto obferved; for in ex-

periment



X:>eriment ii. the old Ihoot did not lofe its powers, while

that which was young or growing did
;
and in experi-

ment III. and IV. v/e found, that the young growing

flioot of the fir was with great difficulty frozen at io°,

while a bean-leaf was eafily frozen at 22°; and in ex«

periment v. the young fhoot of the fir thawed the ice at

28°, much fafter than the leaf of the bean. Sixthly,

it is probably, by means of this principle, that vegeta-

bles are adapted to different climates. Seventhly, that

fufpenfion of the fundfions of vegetable life, which takes

place during the winter feafon, is probably owing to their

being fufceptible of fuch a great variation of internal

temperature. Eighthly, the roots of vegetables are

capable of refifling cold more than the ftem or leaf;

therefore, though the ftem be killed by cold, the’ root

may be preferved, as daily experience evinces. The
texture of vegetables alters very much by the lofs of life,

efpecially thofe which are watry and young
; from being

brittle and crifp they become tough and flexible. The
leaf of a bean when in full health is thick and maffy, re-

pels water as if greafy, and will often break before it is

confiderably bent
;
but if it is killed flowly by cold, it will

lofe all thefe properties, becoming then pliable and flac-

cid
;
deprived of its power of repelling water, it is eafily

made wet, and appears like boiled greens. If killed

quickly, by being frozen immediately, it will remain

in the fame ftate as when alive ; but upon thawing, will

immediately loofe all its former texture. This is fo

VoL. JLXV. P P P remarkable,
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remarkable, that it would induce one to believe, that it

loft confiderably of its fubftance
;
but from experiment

VI. it is evident that it does not. The fame thing hap-

pens to a plant when killed by electricity If a grow-

ing juicy plant receives a ftroke of ele61ricity fufficient to

kill it, its leaves droop, and the whole becomes flexible.

So far animal and vegetable life appear to be the

fame; yet an animal and a vegetable differ in one

very material circumftance, which it may be proper

to take particular notice of in this place, as it fliews

itfelf with remarkable evidence in thefe experiments.

An animal is equally old in all its parts, excepting

where new parts are formed in confequence of difeafes

;

and w'e find, that thefe new or young parts in animals,

like the young ftroots of vegetables, are not able to fup-

port life equally with the old; but every plant has in it

a feries of ages. According to its years, it has parts of all

the fucceflive ages from its firft formation; each part

having powers equal to its age, and each part, in this re-

fpeeft, being fimilar to animals of fo many different ages.

Youth in all cafes is a ftate of imperfedfion
;
for we find

that few animals that come into the world in winter live,

unlefs they are particularly taken care of
;
and wemay ob-

ferve the fame of vegetables. I found that a young plant

(c) To kin a whole plant by eleftricity, it is necelTary to apply the con-

dudlor, or give a flrock to every projedling part; for any part that is out of

the line of direction will ftill retain life.

was
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was more ealily killed than an old one
; as alfo the youngeft

part of the fame plant.

This power of generating heat feems to be peculiar to

animals and vegetables v/hile alive. It is in both a power

only of oppofition and refiftance
;
for it is not found to

to exert itfelf fpontaneouily and unprovoked
;
but mud:

always be excited by the energy of fome external frigo-

rific agent. In animals it does not depend on the motion

of the blood, as fome have fuppofed, becaufe it belongs to

animals who have no circulation; belides, the nofe of a

dog, which is nearly always of the fame heat in all tem-

peratures of the air, is well fupplied with blood : nor can

it be faid to depend upon the nervous fyftem, for it is

found in animals that have neither brain or nerves. It

is then mod probable, that it depends on fome other

principle peculiar to both, andwhich is one of the proper-

ties of life; which can, and does, a61 independently of cir-

culation, fenfation, and volition
;
viz, that power which

preferves and regulates the internal machine, and which

appears to be common to animals and vegetables. This

principle is in the mod perfedf date when the body is in

health, and in many deviations from that date, we find

that itsadlion is extremely uncertain and irregular; fome-

times riling higher than the dandard, and at other times

falling much below it. Indances of this we have indiffer-

ent difeafes, and even in the fame difeafe, in very ihort

intervals of time. A very remarkable one fell under my
own obfervation, in a gentleman who was taken with an

P p p 2 apo-
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apopledlic fit
;
while he lay infenfible in bed, and covered

with blankets, I found that his whole body would, in

an inftant, become extremely cold in every part; con-

tinue fo for fome time; and, in as fliort a time, he would

become extremely hot. While this was going on for fe-

veral hours alternately, there was no fenfible alteration

in his pulfe.

XLIV. On
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XLIV. A Comparifon of the Heat of London and Edin-

burgh. By John Roebuck, M» D. F. R, S, in a Letter

to William Heberden, M. D, F, R. S.

SIR,

Redde, June 29,y DELIVERED to you foiue time ago,

A a regifter of the thermometer at Hawk-
hill for ten years

; but as thefe obfervations were made
at eight o’clock in the morning and four in the after-

noon, and yours at eight o’clock in the morning and two

in the afternoon, the correfponding years of the morn-
ing’s obfervations only admit of a comparifon. It ap-

pears by your regifter, that the mean heat at London for

nine years, from the end of 1 763 to the end of 1772, at
4

O

eight o’clockin the morning, was 47.4; and the mean heat

at Hawkhill, during the fame period of time, was 46°.. The
o

difference of which is only i .4. A difference much lefs

than might be expefted from the difference of latitude,

and not fufflcient to account why nonpareils, golden ren-

nets, peaches, ne6larines, and many kinds of grapes, ge-

nerally come to maturity near London, and fcarce ever

near Edinburgh, without the aid of artificial heat. Be-

fore I proceeded further to perplex myfelf witli this dif-

a ficulty,.
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ficulty, I procured from Hawkhill and from yonrfelf the

regiiler of the thermometer for three years, at the fame

periods of time; copies of which I here inclofe you.

And by thefe it appears, that the mean heat of London

of thefe three years exceeded that of Edinburgh by

4.5. And the mean heat of the three hotted: months in

London exceeded the mean of the fame three at Edin-

o

burgh by 5 . 8 . And the mean heat of thefe three fummer
months, at two o’clock in the afternoon, in London ex-

- ceeded the mean heat of the fame months, at the fame
o

hour, in Edinburgh by 7.3 ;
which fufficiently accounts

why fome fruit may come to maturity in one country and

not in the other : and alfo why corn and grafs, which ve-

getate with a more temperate heat, but require a longer

continuance of it, may arrive at maturity in both countries.

The reafon why the mean heat of London exceeds that of

Edinburgh may arife principally from the difference of

latitude. But the reafon why the excefs is greater in pro-

portion in the three hottefi months of the year, at the

hotted: time of the day, than in the winter months, arifes

from Edinburgh’s being fituated nearer, to the fea than

London. We might fpeak with more precifion on this

fubjeff, if we had a regifler of the thermometer at Mof-

cow, which is nearly of the fame latitude as Edinburgh;

though it is well known, that the heat of fummer is

much more intenfe, and the cold of winter much more
fevere, at Mofcow than at Edinburgh. The mean heat

of fprings near Edinburgh feems to be 47°; and at Lon-
’ don
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don 51°. It is probable, that the mean heat of good

fprings in any country is very nearly the mean heat of

the country A faithful account of the heat of fprings

in different latitudes, and of water taken from the fame

depth of the fea in different latitudes is yet wanted.

I am. See.

(a) We lliall have an eafy method of finding the mean heat of any place^

if it be always nearly equal to that of its fprings. This matter might be afeer-

talned by a proper number of obfervations
;
and it is therefore very defireable,

to have an account taken of the heat of the fprings, wherever a regifter is kept

of the heat of the air. w. heberden.

Mean Heat in pall mall, London.

17 72. 1773- 1774.

Mean heat of

Three Years.

8 A.M. 2 P. M. 8 A.M. 2 P.M. 00 2P. M. 8 A.M. 2 P.M.
January 36 38 42 44 34 39 37-3 40.3

February 38 42 36 41 38 44 37-3 42-3

March 41 47 40 S' 41 52 40.7 50

April 44 SI 45 55 47 55 45-3 53-7

May 49 60 SO 60 51 60 50 60

June 64 73 58 67 59 67 60.3 69

61 72 60 68 61 69 60.7 69.7

Auguft 60 70 62 72 62 70 61.3 70.7

September 56 65 56 63 55 63 55-7 63-7

Oiflober 56 61 SI 59 48 58 S'-7 59-3

November 45 55 40 47 40 44 41.7 48.7

December 41 44 41 45 39 43 40.3 44

Mean I 49-2 1 56.5 48.4 56 47-9 55-3 1 48.5 56

Mean heat of three years morning and afternoon was 52.2.

Mean
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Mean heat at hawkhill, fituated about one mile North

of Edinburgh, and 103 feet above the level of the fea.

1772. 1773- 1774-

Mean Heat of

Three Years.

January

00 2 P. M.
34-3

00 2 P.M.
40.3

8 A.M.
29.1

2P.M.
33

8 A.M.

33-3

2 P. M.
358

February 30-9 36*5 35 I 40.7 36.2 40.4 34 392

March 37 42.8 42.1 48.4 37-1 43-2 38-7 44.8

April 42.9 48.5 45-6 51.

1

44 I 48.9 44.2 49-5

May 49.1 54-S 48 6 53-1 46.6 50.8 48.1 52.8

June 57-2 62.1 55-2 60.1 51-' 59-7 54.5 60 6

July 58.7 64.6 57 - 7 ' 61.9 57-4 63-3 57 9 63-3

Auguft 57-4 63-9 58.3 64.8 57-2 62.5 576 63-7

September 51-5 S 8 .i 51 3 55.8 51-7 57-8 5I-S 57-2

October 48.8 51.6 46 50-7 48.3 52.8 47*7 51-7

November 41.7 446 38.2 42.3 33 42 39*3 42.9

December 39 7 41.6 36 -4.
38.5 37-3 40 37-8 40

Mean heat, 45-5 50-3 46.

1

50.6 44-5 49-5 45-4 1
50.1

Mean heat of three years morning and afternoon was 47.7.

XLV. Ex-
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XLV. Experiments in an heated Room, By Matthew
Dobfon, M. D. In a Letter to John Fothergill, M, D,
F. R. S.

DEAR SIR, Liverpool, April 25, 1775.
Redde,^june 22, 'F PERUSED with particular pleafure, your

fhort account of the curious experiment

made by Mr. banks and Dr. solander. The fame,

and fome additional experiments, have been made here;

the refult of which I fliould fooner have tranfmitted to

you, had I not been prevented by the conlfant engage-

ments of my profeffion.

EXPERIMENTS,
I. The fweating-room of our Public Hofpital at Liver-

pool, which is nearly a cube of nine feet, lighted from
the top, was heated till the quicldilver flood at 224° on
Fahrenheit’s fcale, nor would the tube of the thermome-

ter indeed admit the heat to be raifed higher. The ther-

mometer was fufpended by a firing fixed to the wooden

frame of the flcy-light, and hung down about the cen-

tre of the room. Myfelf and feveral others were at this

time inclofed in the flove, without experiencing any op-

preflive or painful fenfation of heat, proportioned to

the degree pointed out by the thermometer. Every me-
tallic about us foon became very hot.

VoL. LXV. Q qq II. My
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IK My friend Mi', park, an ingenious furgeon of this

place, went into the flove heated to 202°. After ten mi-

nutes, I found the pulfe quickened to 120°. And to de-

termine the increafe of the animal heat, another ther-

mometer was handed to him, in which the quickfilver

already ftood at 98°; but it rofe only to 99^, whether

the bulb of the thermometer was inclofed in the palms

of the hands, or received into the mouth The natu-

ral, ftate of this gentleman’s pulfe is about 65.

III. Another gentleman went through the fame ex-

periment in the fame circumltances, and with the fame

effedts,.

IV. One of the porters to the Hofpital, a healthy

young man, and the pulfe 75, was inclofed in the hove

when the quickfilver ftood at 210°; and he remained

there, with little iuconvenience, for twenty minutes..

The pulfe, now 164, and the animal heat, determined

by another thermometer as in the former experiments,

was ioi{.

V. A yoting gentleman of a delicate and irritable ha-

bit, whofe natural pulfe is about 80, remained in the

ftove ten minutes when heated to 224°. The pulfe rofe

to 145, and the animal heat to 102°. This gentleman,,

who had been frequently in the ftove during the courfe

of the day, found himfelf feeble, and difpofed to break

out into fweats for 24 hours after the experiment.

(e) The fcaleof the thermometer, which was fufpended by the ftring about ,

the middle of the room, was of metal; this was the only one 1 could then prc--

cure, on which the degrees rair fo. high as to give any fcope to. the experiment.

„

The fcale of the other thermometer, v/hich was employed for afcertaining the

\ariatiofts in the aAimal heat, Wiis of ivory,

V. Two
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Vi. Two fmall tin. veffels, containing each the white

of an egg, v/ere put into the ftove heated to 224°^ One
of them was placed on a wooden feat near the wall, and

the other fufpended by a firing about the middle of the

ftove. After ten minutes, they began to coagulate; but

the coagulation was fenfibly quicker and firmer in that

which was fufpended, than in that which was placed on

the wooden feat. The progrefs of the coagulation was

as follows : it was firfl formed on the fides, and gradually

extended itfelf;‘the whole of the bottom was next co-

agulated
;
and lafl of all the middle part of the top.

VII. Part of the fliell of an egg was peeled away, leav-

ing only the film which furrounds the white
;
and part

of the white being drawn out, the film funk fo as to form

a little cup. This cup was filled with fome of the albv.^

jnen ovi, which was confequently detached as much as

pollible from every thing but the contadl of the air and

of the film which formed the cup. The lower part of

the egg flood upon fome light tow in a common galli-

pot, and was placed on the wooden feat in the flove. The
quickfilver in the thermometer flill continued at 224'^.

After remaining in the flove for an hour, the lower part

of the egg which was covered with the fhell, was firmly

coagulated
;
but that which was in the little cup was fluid

and tranfparent. At the end of another hour it was flill

fluid, except on the edges where it was thinnefl; and

here it was flill tranfparent ; a fufhcient proof that it was

dried, not coagulated.

Q q q Z A piece
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VIII. A piece of bees wax, placed in the fame fitna-

tion with the albumen ovi of the preceding experiment,

and expofed to the fame degree of heat in the hove, be-

gan to melt in five minntes : another piece fufpended by

a firing, and a third piece put into the tin vefTel and fuf-

pended, began likewife to liquify in five minutes.

OBSERVATIONS.
That heated airfliould have fuch a fpeedy and power-

ful effeft in quickening the pulfe, while the animal heat

is little altered from its natural flandard
;
that the human

body fhould fo eafily bear to be furrounded with air

heated to 224°; that the albunleJ^ ovi^ which begins to

coagulate in water at 150°, fliould remain fluid in 224°;

and that the fame albumen ovi, ftill placed in air heated to

2 24'^, fliould coagulate if in conta<ft either with tin or its

own fhell, are faffs as Angular as they are difficult of ex-

planation. From the different effects of heated air on

the pulfe and the heat of the body, do we not difcover

the fallacy of that theory of animal heat which has been

adopted by boerhaave and other celebrated phyflolo-

gifts ? They fuppofe that animal heat is produced by the

attrition of the globules of the circulating fluids againff

the Ades of the containing veflels
;
but in feveral of the

preceding experiments, the circulation was amazingly

quickened with little increafe of the animal heat. But

whence is it that the human body can bear without im-

mediate injury, to be furroundedwith air heated to 224°?

And whence is it,, that the albumen ovi does not coagulate.

in
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in this degree of heat? Is it that fire as it pafTes into

fbme bodies becomes latent, agreeable to a do6trine which

has for fome time been taught at Edinburgh by Profefibr

BLACK ? Or does fire become fixed and qukfeent^ accord-

ing to a fimilar fyftem adopted by Dr. franklin ? Air

we know exifts either in a fixed or elaflic hate
;
and fire

may in like manner exift in bodies, either in a latent,

fixed, and quiefcent\ or in a fenfible, fluid, and aftive

hate. Agreeable to this idea, the bees wax receives

the hre in an active hate, and dihblves
;
while the hu-

man body and the albu7nen ovi, receiving the hre in a

latent hate, are little altered in their temperature. Let

each of thefe, however, be put in contadl with a different

body, tin for inhance; and though the heat of the air

continues the fame, yet the hre no longer enters in a la-

tent hate, but wdth all its fenhble and adtive powers
; for

the albumen ovi fufpended in a tin veffei foon coagulates

;

and thehuman body, covered with the fame metal, would

quickly experience an intolerable and dehrudtive degree

of heat. Or are the above phaenomena more fatisfac-

torily explained, by conhdering different bodies as pof-

fehing different conducting powers ;; fome being hrong,

others weak conductors of hre? All thofe bodies

then which are weak conductors of hre from air, may
be placed in air, without receiving the heat of this me-
dium. Hence the albumen ovi remains fluid in air heated

to 224°. Hence likewife the frog, the lizard, the came-

lion,. 8cc. retain their natural temperature, and feel cold

[l) Exper. and Obferv. p. 346,, and 412..

to
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to the touch, though perpetually furrounded with air

hotter than their own bodies. Hence alfo, the human
body keeps nearly its own temperature, in a flove heated

to 324^: or may even pafs without injury into air heated

to a much greater degree, according to the obfervations

of DU HAMEL aiid TiLLETT, publiflied in the Memoirs

of the Academy of Sciences to. On the other hand,

ail thofe bodies which are powerful conducftors of fire

from air, are influenced in proportion wdien furrounded

wdth this medium. The bees wax melted from the mere

contadl of the air in experiment viii; and in experi-

ment VI, the albumen ovi was coagulated on the inter-

vention of another body, which is a Itrong condudtor of

fire from air. But whether this method of reafoning

on the natural caufe of thefe effefls be juft or not, the

final caufe is obvious, and is to be refolved into the wife

and benevolent appointment of the Almighty. ]SIan is

happily fo framed, as to pofTefs a power of keeping nearly

the fame" tenor of heat, in all the variations of the tem-

perature of the air in fummer and in winter, in hot and

cold climates ; and confequently changes his fituation on

the furface of the globe, with much lefs inconvenience

or injury, than he could otherwife have done. The
fame power likewife happily adapts different animals to

their refpedfive deflinations. The lizard and the came-

lion remain cool under the Equator, while the whale and

porpoife retain a degree of heat above that of the human
hody, though furrounded with the waters of the coldelf

(c) Memoires pour 1761,

4 Northern
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Northern feas, and amid ft mountains of ice in the neigh-

bonrhood of the Pole.

Should you think thefe experiments and obfervations

on heated air of fufficient importance to be communi-
cated to the Royal Society, they are at your difpofal.

I have the pleafure to find, that Dr. priestley is pro-

fecuting his very ingenious inquiries on air. In a letter

I lately jeceived from him, he informs me, that he has

' difcovered a fpecies of air, which will preferve animal

life fix times longer than atmofpheric air.

Iremaiiij with great, efteem, &Ca.,

XLVI:
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XLVI* Calculations in Spherical trigonometry abridged.

By Ifrael Lyons, hi a Letter to Sir John Pringle,

Bart. P. R. S.

TO SIP^ JOHN PRINGLE, BART. P. R. S.

SIR,

Redde, July 6
, j N" c E aftronomical obfervations have

1775* S been made with much greater precilion

than formerly, it became requifite that the calculations

correfponding to them fliould likewife be made to much
greater degrees of exa61:nefs. The ancient aftronomers

defired only to make their obfervations and computations

agree within a part of a degree
;
fucceeding ones were fa-

tisfied when they correfponded within a minute
;
but no

lefs exadlnefs than feconds will content the moderns.

The rules in fpherical trigonometry being reduced to

operations by logarithms, it is necelTary to ufe fuch a

number of figures in the tables as will produce the re-

quired precifion
;
this is very different in the various parts

:of the quadrant, infomuch that if the arc is only one de-

gree, four places of decimals in the logarithm of a fine

are fufficient to determine the arc to which it belongs

within a fecond: whereas if the arc is 89 °, there is a

neceffity
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ncceHity of ufing eight figures for the fame purpofc

thus, the logarithm fine of 89° o' o'Ms 9-9999338, the

fame feven figures as for the logarithm fine of 89° o' i".

From this confideration it follows, that the analogies

commonly laid down and ufed for the fblutions of fpheri-

cal triangles are not in all cafes equally convenient, and

I might fay, equally accurate
;
and that it would be more

eafy and exadt in calculations to find what was required,

by means of fines of arcs, which, being fmail, require

the ufe of only a few places of figures. Now the cafes

which often occur in afironomy, where fpherical trigo-

nometry can only be of ufe, are generally of fuch a na-

ture that we know nearly, or at leaft wdthin a few de-

grees, what the required fide or angle is, there is nothing

therefore wanted but to find how" much this quantity, or

firfl approximation, differs from the true value of the

fide or angle. Thus in calculating the right afeenfion of

any point of the ecliptic, whofe longitude and declina^

tion are known, inflead of finding the right afeenfion im-

mediately, it will be more convenient to feek for the dif^

ference between the longitude and right afeenfion, which
as it never exceeds 2j four or five places of figures will

always be fufficient to determine it within a fecond. And
in other fimilar cafes, rules might be made agreeable to

the exigency of each particular cafe, which would be bet-

ter than the application of the general method of folu-

tion. Some examples of which fhall be fhewn in the

VoL. LXV. R r r followdng
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following paper : the defign of which is to point out a;

method of folving feveral of the moh ufeful queftions

in fpherical trigonometry in a manner fomewhat limilar

to that ufed m approximating to the roots of algebraic

equations. This method is founded on the following

L E M M A.

If the radius is fuppofed equal to

unity, the fine of the fum of Uvo arcs, ol

and /?, is equal to fin. + cof. oc x fin.,/S-

fin. a X verf. fin. (3. And its cofine=cof.a-

fin.-cc X fin. j6-cof. a x-verf. fin,

D E M O N S T R A* T I o N..

Let the arc echo, ra, and the arc /S be ab, their fines

Ka, BD, refpeeftively ; then Bb being drawn perpendicu-

lar to the radius cr will be the fine of ol + ^. Draw Dp
and An, parallel to cr. Then, by fimilar triangles,

ca : c^ :: bd : b/), and ca : a^ :: ad \ np. Therefore,

-&b(-Aa^^p~pn)-Aa-^r
CflXBI? AtfXAD

; .that is, fine it + /S,CA CA

:fin. oL -}- cof. OL X fin. j6-fin. a, x verf. fin.

In the fame manner, drawing Dq parallel. to ha w^e.

AflXBD CflXAD ^
-,orcofimay prove cb (-za-bq-aq)-Qh-

fit + /S = cof. Of, — fin.,it X fin. cof. « x verf. /S..

CA

In
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in vrh^t follows, for. brevity fake, the arc is exprefled

by a Greek letter; its fine by the capital chara6ter; and

the cofine by the fmall italic chara6ter of the fame letter.

In this notation, the two theorems will fiand thus,

fin. oi+^-A + aB-Ax\{. jS, and co{. oi+^=a^AB-ax Yl,j3,

COROLLARY I.

Since the tangent is equal to the fine divided by the

cofine, we fliall have

_ ~n A + flB AXvf. ^ A B A ,

Tang. a-(-p= ———' "jx vf. p nearly,
‘ a— AB— a X vl, p a a ^ 7

COROLLARY II.

If we change the fign of /5, we fiiall have fin, oc~$

= A-aB - A X y{. CoL oi ~ (3 = AB-a X And

tang. a-/3 = ---^+-ix vf. /?. .

By the help of thefe theorems, knowing nearly What

any quantity in a fpherical triangle is, we may find its-

corre61ion, thus : if we have to find the cofine of an arc,

which arc we know is nearly equal to a whofe cofine is a.

Suppofe the arc to be -
(3, and its cofine a-^c. Then a+(^=

€of. + AB-^?x vf. /?, Therefore, b = ~'^jxyqt{.^.

R r r 2 The
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The firfl term ^ will always give a near approximation

to the value of fin. and IS being found the correction,

J X vf. or cot. a x vf. jS, may be found and added to it.

Among the tables requifite to be ufed with the Nautical

Almanac, is table iv. for parallax, p. 19. which fhews

the value at fight of fuch quantities as vf. ^ x cot. a, the

arc IS being found in the firfl; column of the table, and

a at the top. This table I have calculated only to arcs

under 6 i but it would be found ufeful to have a table

ready computed for all arcs under 5®^

P R CH
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PROBLEM I.

Ifthe twolegSy ab and bc, ofthefpherical tri-

angle ABC right-angled at b^ are given, to

find the hypotenufe ac, the leg bc, being ^
frnall in coinparifon of ac.

Let AB=a, BC=/?j andfiiippofeAc— + ^ being a near

approximation to ac, and <^the fmall arc to be added to

AB to make it equal to= ac
;
then cof. AC=cof. ab x cof. bc ;

that is, according to our notation, a - az — a x l^—ah

Whence z =•
I— ab

A
X vf. f=cot. a X vf. |6— cot.a X vf. f.

EXAMPLE.
Let AB be 75° o' and bc 2.0° o', and the computation,

will be as follows

:

Cotangent ab. 9.4280
Verfed fine bc 8,7804

4* nearly 55' 33" fine 8.2084
Corredlion -7 from tab. iv. Nautical Almanac.

Therefore 55 26 andAC= 75° 55' 26".

By this problem, the dillance of the Sun may be found

from a planet whofe latitude and difference of longitude

are known.

%P R O-



I 476 1

PROBLEM II.

'Having the hypotenufe ac and one of the angles a, to find

the bafe ab.

Let AC=jS, BAC-cf, and fuppofe AB=|6-f,then cof. a=
b B Z B X vf. f Z B X vf. ^

.cot. ACxtang. AB, or.J=->c j-p +—^ = l--+—p

—

'Whence z~BbXi — a-\— xvf. 'C—\ hn. 2 (3 x vf. a -f tang. |3 x vf.

EXAMPLE.
Let A=23° 28^ 15", and ac= io° o' o".

Sine 2 AC 20° o' 9.5340
Verfed fine a 8.9177

8.4517
Log. 2. 0.3010

f nearly 48' 39'' line 8.1507

Corredlion + 6

^ 48 45 and Bc = i 59° 1 1'
1
5'^

By this problem, the right afcenlion of any point of

the ecliptic, whofe obliquity and longitude are known,

may he found.

PRO-
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P R O. B L E M III.

Suppojing thefame things known as in the

lajl^ tofind theperpendicular bc, when

the hypotenuje is nearly a quadrant.

. Let AC=j6, as before, and fuppofe BC=^-f ; then,

lin. BC = hn. ac x hn. a, or a-47 z- a x vf. f= ab, whencej

----- - X vf. f=tang. oi X CO. ver. hn. /S-t.cc x vf.

E X A M P L E.v

LetA=2 3° 28' acx8o° o'.

Tang. A 9-6377
Verf. hn^xo. AC, ro®’ 8. 1816

f nearly 2^® 41 fine 7.8193
CorrecTiorr • — i

f 22 40 and bc= 23° 5' 35"...

This problem will be of ufe to find the declination of
’

the ecliptic, and the latitude of a planet near the limits.

Thefe three inftances will fuffice for an application of

this method to right-angled Ipherical triangles
; weillall

now give two problems of oblique triangles..

PRO
7
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PROBLEM IV.

Suppofe ABC /(9 be a fpherical triangle^ in

which are given the two fides ab, bc,

with the included angle b, to find the

-thirdfide ac. A

B

SOLUTION I.

Let ABC = ft bc = AB = (5'. Put AC = /3 + f, /S bciiig

an approximate value of ac, when the two legs are

nearly quadrants. Now the cohne of ac being equal to

cof. ^X cof. cx. X tang. y/S-cot. ^Sx vf. f. Therefore f is the

difference of two arcs whofe fines are cot. /3x vf. and

cof. (5'X cof. a X tang. Y ft the difference of thefe two arcs

being diminifhed by the corredtion cot. ^ x vf. f.

('aj It is a well known theor. that fin. ba x fin. bc ; zz vf.ac—vf. ab—bc : vf.B

;

that is, fin. ba x fin. bc :
— cof. ab — bc— cof. ac : r— cof. B. Or,

in the author’s notation, putting rzzi, da: i rrcof. ^—

»

— cof. ac : i

—

b.

Therefore da—^DA=cof. ^—«—cof. ac. Or, cof. Acrr^DA

—

da—cof.^"—».

For cof. ^—a. fubftitute its value as exprelTed in the fecond corollary of the

lemma, and there arifes the author’s equation, cof. A.c—bDA-\-da,

b'DA+da^“^ we fhall have b~DA + da: and

S, HORSLEY.

EXAMPLE.
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EXAMPLE.

Siippofe 6^:51'’ 12' 5^'^

AB=8y 57 51

bC=87 20 34
Cotangent B 9-9'^53 "Tang. | B 25“ 36' Q.6804

Verf. line ab—bc o'* 37' 17" 5*7693 Cofine ab 8.5506

Cofiile BC 8.6661

ift arc o' 10" line 5.6746 2d arc 2' 43" fine 6.8971

The difference of thefe two arcs, 2' 33"

Subtraded from the value of the angle b, 511a 5
- '

Leaves ac, 51 932
The corredion cot. /Sx vf. fin this example is o»

This folution is very convenient to find the diftance of

two Zodiacal Stars, having their latitudes and difference

of longitudCi

SOLUTION II.

Let T be an arcwhofe cofine cof. ^-o^-bda^bv>k^

tind fuppofe ac = t ^ f, then T + tz - ^ k vf. i^=bDA + dd

=t-bda+da. Whence x v6rf. f'± cofec. t

X cofin. ot X cofin. ^

x

vf. (3 + cot. t x vf. f,

This folution is ufeful to find the diftance of the Moon
from a ftar at fome diftance from the ecliptic, in which
cafe it coincides with the rule given by the Aftronomer

VoL. LXV. Sff Royal,
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Royal, PhiL Tranf. 1 7 64, vol. LIV. and which taking in

the corredlion here given cot. t x vf. ^ will ahvays be

Cxa61: to a fecond. It is alfo of nfe to find the declination

of a ftar, whofe longitude and latitude and obliquity of

the ecliptic are known.

SOLUTION III.

Let the angle b he fmall, and the

two legs AB, Bc, very unequal; then

< the fide AC will be nearly ab-bc. Put

this= A', and fuppofe AC=A:+f, then cof.

AC-k - KZ-/^ X vf. ^-ad+ AD-KZ-/^ X vf. f-/^AD

Whence z=::— ‘ - - x vf. 4= fin. ^ x fin. ex, x vf.
/5 x cofec*

1C 1C

^^;{-C0t*/(’x vf.

EXAMPLE.

Let ab=94° 36^ 58"'

BC=23 28 24
B==24 54 24

AB^-BC^yi

Sine AB

Sine BC

Verfed of

8 34

as in the example to fob 2.

Gofecant 6.02396

9.99859
9.60023

8.96851

f nearly 2° 14' 1 1 fine 8.59129

o The
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The value of ^ being without the limits' of tab. iv. in

the tables requifite,to be ufed with the Nautical Almanac,

the corre6fion cot. x vf. f muft be computed thus

:

Cot.x 9-533
V. fin. f 6.881

Cor. o' 53^'. fine 6.414, this fubtradled from the firfl va-

lue of leaves ^-2° 13'! 8'^, which added to gives

the fide ac= 73° 21' 52^'. This folution will help to

find the Sun’s altitude near noon.

I have dwelt the longer on this problem becaufe it is

one that is very commonly required in agronomical cal-

culations, and the operation by the rules of fpherical

trigonometry in this as well as the next is rather trou-

blefome.

S f f 2 ? R
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PROBLEM V.

Suppqfing thefame things given
^
tofind either of the angles^

asfor infiance c oppofite thefide ar.

We have cot.c=cot. b x cof.BC— lin.Bc x cot. ab x cofec. b

. Let a be an anrfe whofe cot. - = cot. (S xBED r O M r-'

^ f.
tnD— V 1

lin. 0^-a X cofec. —
,
and luppofe c = ju + c, then

Kd—bhx>
Whence z=mx +

BD

m z w. vf. ^ haT>— Ad
cot C= i +M M M-* ED BD

^x vf. f=lin. ^ X hn. « X cot. J'x tang, y^+cot. ^ x vf. f.

EXAMPLE.
Let AB=94° 36^ 58

Bc=23 28 54
B~24 54 24 Cotang. 0.333177a

DifF. AB and BC=7 1 8 34 Sine 9.9760412
Cofecant AB 0.0014080

|a= 26 3 44 Got. 10.3166262

Sin. ^ 9.286

Sin. BB 9.600

Cot. AB 8.909

Tang, j B 9.344

f=4' 44'' line 7.139, this fnbtradled from ^ leaves the

angle 0=25° 59' Q''

This
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This problem will be of ufe to find the right afcen-

fion of a ftar whofe longitude and latitude^ and obliquity

of the ecliptic are known, or to find the Sun’s azimuth

at any hour in a given latitude.

I have added no cautions when thefe approximations

and corrections change their figns, becaufe any mathe-

matician will difcover them at fight.

I have the honour to be, &c..

XLVII. Fur^
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XLVII. Further Experiments and Obfervatmis in an

heated-Room, By Charles Blagden, M. D. F,R. S,

Redcle, July 6, tlic third of April,nearly the famepar-
775

ty as before r-’;, together with Lord SEA-

FORTH, Sir GEORGE HOME, Mr. DUNDAS, and Dr. NOOTH,
went to the heated room in which the experiments of the

23d of January were made. Dr. fordyce had ordered

the fire to be lighted the preceding day, and kept np all

night; fo that every thing contained in the room, and

the walls themfelves, being already well warmed, we
were able to pufli the heat to a much higher degree than

before. In the courfe of the day feveral different fets of

experiments were going on together; but to avoid confu-

fion, it will be necelfary to relate each feries by itfelf, with-

out regard to the order of time; beginningwiththatferies

which ferves as a continuationof our former experiments

.

Soon after our arrival, a thermometer in the room

rofe above the boiling point
;
this heat we all bore per-

fedlly well, and without any fenfible alteration in the

temperature of our bodies. Many repeated trials, in fuc-

ceflively higher degrees of heat, gave ftill more remarka-

ble proofs of our refilling power. The lafl of thefe expe-

(a) 'See the former experiments, p. iii, of this volume.
' riments
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rimeiits was made aboiit eight o’clock in the evenings

whm the heat was at the greateft: a very large thermo-

meter, placed at a diftance from the door of the room,

but nearer to the wall than to the cockle, and defended

from the immediate a6lion of the cockle by a piece of

paper hung before it, rofeoneor two degrees above 260""

;

another thermometer, which had been fufpended very

near the door, flood fome degrees above 240°. At this

time I went into the room, with the addition, to my
common cloaths, of a pair of thick worfled flockings

draw'll over my flioes, and reaching fome way above my
knees; I alfo put on a pair of gloves, and held a cloth

conllantly between my face and the cockle: all thefe

precautions were necelfary to guard againfl the fcorching

of the red-hot iron. I remained eight minutes in this

fituation, frequently walking about to all the different

parts of the room, but Handing Hill moH of the time in

the cOoleH fpot, near the loweH thermometer. The air

felt very hot, but Hill by no means to fuch a degree as to

give pain : on the contrary, I had no doubt of being able

to fupport a much greater heat
;
and all the gentlemen

prefent, who went into the room, were of the fame opi-

nion. I fweated, but not very profufely. For feven mi-

nutes my breathing continued perfedlly good
; but afte

that time I began to feel an oppreffion in my lungs, at-

tended with a fenfe of anxiety
;
which gradually increaf-

ing for the fpace of a minute, I thought it moH prudent

to put an end to the experiment, and immediately left

the room. My-pulfe, counted as foon as I came into the

cool air, for the uneafy feeling rendered me incapable of

examining
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examining it in the room, was found to beat at the rate

of 1 44 pulfations in a minute, which is more than dou-

ble its ordinary quicknefs. To this circumflance the op-

preffion on my breath muft be partly imputed, the blood

being forced into my lungs quicker than it could pafs

through them ; and hence it may very reafonably be con-

jectured, that fliould an heat of this kind ever be pulhed

fo far as to prove fatal, it will be found to have killed by

an accumulation of blood in the lungs, or fome other

immediate effeCt of an accelerated circulation (<>)
; for all

the experiments drew, that heating the air does not make
it unfit for refpiration, communicating to it no noxious

quality except a power of irritating. In the courfe of

this experiment, and others of the fame kind by feveral

of the gentlemen prefent, fome circumftances occurred to

us which had not been remarked before. The heat, as

might have been expeCled, felt mofl intenfe when we
were in motion ;

and, on the fame principle, a blaft of

the heated air from a pair of bellows was fcarcely to be

born
;
the fenfation in both thele cafes exaClly refembled

that felt in our noftrils on infpiration. The reafon is ob^

vious; whenthe fame air remained for any time in contaCl

with our bodies, part of its heat was deftroyed, and con-

fequently, we came to be furrounded with a cooler me-

dium than the common air of the room ; whereas when

(b) Since this experiment, I have obferved the mucus froin my lungs to be

more ferous than before, and to incline more to a faltifb tafte, though the . lungs

themfelves feem perfectly found in all other refpefts; Which raifes a fufpicion

thatfomeof the fmaller arteries fuifered a degree of dilatation from the increafed

iropulfe of the bloods

frefli
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frelh portions of the air were applied to our bodies in

fuch a quick fucceflion, that no part of it could remain

in contadl a fufficient time to be cooled, we neceflarily

felt the full heat communicated by the ftove. It was

obferved that our breath did not feel cool to the fingers

unlefs they were held very near the mouth ; at a diftance

the cooling power of the breath did not fufficiently com-
penfate the effect of putting the air in motion, efpecially

when we breathed with force.

A chief obje6l of this day’s experiments was to afcer-

tain the real effect of our cloaths in enabling us to bear

fuch high degrees of heat. With this view I took off

my coat, waiftcoat, and fhirt, and in that fituation went

into the room, as foon as the thermometer had rifen

above the boiling point, with the precaution of holding

a piece of cloth conftantly between my body and the

cockle, as the fcorching was otherwife intolerable. The
firft imprefiion of the heated air on my naked body was

much more difagreeable than I had ever felt it through

my cloaths
;
but in five or fix minutes a profnfe fweat .

broke out, which gave me inftant relief, and took off all

the extraordinary uneafinefs : at the end of twelve mi-

nutes, when the thermometer had rifen almofi: to 220%
I left the room, very much fatigued, but no otherwife

difordered; my pulfe made 136 beats in a minute. On.

this occafion I felt nothing of that oppreflion on my
breath which became fo material a fymptom in the

experiment with my cloaths when the thermometer

had rifen to 260°: this may be partly explained by the

lefs quicknefs of my pulfe, the difference being at leaft

VoL. LXV. Ttt eight
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eight beats in a minute, and probably more, as in the ex-^

periment without my fliirt the pulfations were counted

before I had left the room ; but there is a further cir-

cumlfance to be taken into conhderation, that the expe-

riment attended with opprellion on the breath was made

in the evening after a very plentiful meal, whereas

the other was made in the forenoon, fome hours after

a moderate breakfaft. The unufual degree of fa-

tigue which I felt from the experiment without my fliirt,

mufl: be aferibed in great meafure to the more violent

effort which the living powers were obliged to exert, in

order to preferve the due human temperature, when fuch

hot air came into immediate conta6l ivith my body. In

the prefent cafe it appears beyond all doubt, that the liv-

ing powers were very much aflifled by the perfpiration,

that cooling evaporation which is a further provifion of

nature for enabling animals to fupport great heats. Had
we been provided with a proper balance, it would un-

doubtedly have rendered the experiment more complete

to have taken the exadf weight of my body at going into,

and coming out of, the room ; as from the quantity loft

fome eftimate might be formed of the fliare which the

perfpiration had in keeping the body cool; probably its-

effedt was very conflderable, but by no means fufiicient

to account for the whole of the cooling, and certainly not

equable enough to keep the temperature of the: body to

fuch an exadl pitch : For it fhould here'be remarked, that

during all the experiments made this day, whenever I

tried the heat ofmy body, the thermometer always came-

3 veiy
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very nearly to the fame point
; I could not perceive even

the fmall difference of one degree, which was obferved

in our former experiments. Should thefe confiderations,

however, be thought infufficient to prove that evapora"

tion was not the foie agent in keeping the body cool, I

believe that Dr. fordyce’s experiments in moift air will

be found to remove all doubts on this fubje6t. Several

ofthe gentlemen prefent, as well as myfelf, went into the

room without fliirts many times afterwards, when the

thermometer had rifen much higher, almoft to 260%
and found that we could bear the heat very well, though

the firft fenfation tvas always more difagreeable than

with our cloaths.

In all the experiments made this day it was obferved,

that the thermometer did not fink fo much in confe-

quence of our ftay in the room as on the 23d ofJanuary

;

probably becaufe a much larger mafs of matter had been

heated by the longer continuance of the fire.

Our own obfervations, together with thofe of M. til*

LET in the Memoirs of the Academy of Sciences had

given us good reafon to fufpedt, that there mull have

been fome fallacy in the experiment with a dog, made at

the defire of Dr. boerhaave, and related in his Elements

of Chemiflry (O. To determine this matter more exactly,

we fubjedted a bitch weighing thirty-two pounds, to the

following experiment. When the thermometer had rifen

to 220°, the animal was fliut up in the heated room, in*

clofed in a bafket, that its feet might be defended from

(if) For the year 1764, p. 186, &c. {c) Tom. I. p, 275-.

T 1 1 ^ the
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the fcorching of the floor, and with a piece of paper be-

fore its head and breaft to intercept the dire6l heat of the

cockle. In about ten minutes it began to pant and hold

out its tongue, which fymptoms continued till the end of

the experiment, without ever becoming more violent

than they are ufually obferved in dogs after exercife in

hot weather
;
and the animal was fo little affedled during

the whole time, as to fliewfigns of pleafure whenever we
approached the bafket. After the experiment had con-

tinued half an hour, when the thermometer had rifen to

236°, v/e opened the bafket, and found the bottom of it

very wet withfaliva^hut could perceive no particular/it'/or.

We then applied a thermometer between the thigh and.

flank of the animal; in about a minute the quicklilver

funk down to 110°: but the real heat of the body was

certainly lefs than this, for we could neither keep the.

ball of the thermometer a fufflcient time in proper con-

tad:, nor prevent the hair, which felt fenlibly hotter than

the bare fkin, from touching every part of the inftru-

ment. I have flnce found, that the thermometer held in,

the fame place, when the animal is perfedly cool and at
,

reft, v/ill not rife above 101°. At the end of thirty-two

minutes the bitch was permitted to go out of the room;

upon coming into the cold air flie appeared perfectly brilk

and lively, not in the leafl: injured by the heat, and has .

now continued very well above a month. Our experi-

ment, therefore, differs, in every eflential circumftance

of the event, from that related by Dr. boerhaave. With

refped to this laft it is remarkable, if the fads be pro-

perlv
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petly reprefented, that an intolerable flench arofe from

the dog; and that an afliftant dropped down fenfelefs

upon going into the ftove.

To prove that there was no fallacy in the degree of

heat fliewn by the thermometer, but that the air which

we breathed was capable of producing all the well-known

effedls of fuch an heat on inanimate matter, we put fome

eggs and a beef-fteak upon a tin frame, placed near the

ftandard thermometer, and farther diftant from the cockle

than from the wall of the room. In about twenty mi-

nutes the eggs were taken out, roafted quite hard ; and

in forty-feven minutes the fteak was not only drefled, ,

but almoft dry. Another beef-fteak was rather over-

done in thirty-three minutes. In the evening, when the

heat was ftill greater, we laid a third beef-fleak in the

fame place: and as it had now been obferved, that the

effecT of the heated air was much increafed by putting it

in motion, we blew upon the fteak with a pair of bel-

lows, which produced a viftble change on its furface,,

and feemed to haften the drefling; -the greateft part of it .

was found pretty well done in thirteen minutes. .

About the middle of the day two ftmilar earthen vef- -

fels ;
one containing pure water, and the other an equal

quantity of the fame water with a bit of wax, were put’

upon a piece of wood in the heated room.. In one hour '

and an half the pure water was heated to 140° of the

thermometer, whilft that with the wax had acquired an '

heat of 1 5 2°, part of the wax having melted and formed -

a film on ,the,furface of the water, which prevented the :

evaporation :
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evaporation. The pure water never came near the boil-

ing point, blit continued ftationary above an hour at a

much lower degree; a fmall quantity of oil was then

dropped into it, as had before been done to that with the

wax; in confequence of which, the v/ater in both the

veffels came at length to boil very brifkly. A faturated

folution of fait in water put into the room, was found to

heat more quickly, and to an higher degree, than pure wa-

ter, probably becaufe it evaporated lefs
; but it could not

be brought to boil till oil was added, by means of which

it came toward evening into brifk ebullition, and confe-

quently had acquired an heat of 230°. Some rectified fpi-

ritof wine in a bottle flightly corked, which had been im-

merfed into this folution of fait whilft cold, began to boil

in about two hours, and foon afterwards was totally eva-

porated. Perhaps no experiments hitherto made fur-,

nifh more remarkable inifances of the cooling elfe6l of

evaporation than thefe lalf fadls
;
a power which appears

to be much greater than hath commonly been fufpe6ted.

The evaporation itfelf, however, was more conliderable

in our experiments than it can be in almoft any other lltu-

iiation, becaufe the air applied to the evaporating furface

was uncommonly hot, and at the fame time not more
charged with moifture than in its ordinary ftate. A pow-
erful afliftant evaporation muft undoubtedly prove, in

keeping the living body properly cool, when expofed to

great heats ;
but it can a6t only in a grofs way, and by no

means in fuch a nice proportion to the momentary exi*»

gencies of the animal as would be requihte for the exacfl:

prefervation of its temperature : that other provilion of

nature
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nature which feems more immediately connected with

the powers of life, is, probably, the great agent in pre-

fervingthe jullbalanceof temperature; exerting a greater

effort in proportion as the evaporation is deficient, and a

lefs effort as the evaporation increafes. This idea cor-

refponds with the general analogy of the animal oeco-

nomy, the nicer balances of which are almofi; univerfally

effected in that part of the body which is formed with

the moft fubtile organization.

The heated room will, I hope, in time become a very

iifeful inftrument in the hands of the phyfician. Hi-

therto the neceffary experiments have not been made to

direct its application with a fufiicient degree of cer-

tainty. However, we can already perceive a foundation

for fome difl:in(?tions in the ufe of this uncommon re-

medy. Should the objedl: in view be to produce a pro-

fufe perfpiration, a dry heat adling on the naked body

would mofi: effe6tually anfwer that purpofe. . The hifto-

ries of dropfies and fome other difeafes, fuppofed to have

been cured by fuch means, are well known to every phy-

fician. In.fome cafes alfo, a moift heat, and in others heat:

tranfmitted through a quantity of cloaths, might have

their peculiaradvantages , Thatthe danger likely to en-

fue from fuch applicatiofis is lefs than has beencommonly
apprehended, our former experiments gave fufficient rea-

fon to believe, and the fame was amply confirmed by

thofe which make the fubjedt of this paper.- For during^

the whole day, we paffed out of the heated room, after-

every experiment, immediately into the cold air, with-

out!
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< out any precaution ;
after expofing our naked bodies to

the heat, and fweating moft violently, we inltantly went

out into a cold room, and flaid there even fome minutes

before we began 'to drefs; yet no one received the leaft

injury. I felt nothing this day of the noife and giddi-

iiefs in my head, which had affedted me in making the

former experiments ; and, whether from the force of ha-

bit, or any other caufe, the fliaking of our hands was lefs,

.and we felt lefs languor, though the heat had been fo

;much more intenfe.

XLVIL A
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XLVIII. A Propofalfor meafuring the AttraBion offome

Hill in this Kingdom by AJironomical Obfervations. By

the Rev. Nevil Mafkelyne, B. D. F. R. S. and AJirono-

mer Royal,

Redcle in the yearT p attracSlion of gravity be exerted, as

Sir ISAAC NEWTON fuppofes, not only be-

tween the large bodies of the univerfe, but between the '

minuted: particles of which thefe bodies are compofed,

or into which the mind can imagine them to be divided,

a6ting univerfally according to that law, by which the

force which carries on the celeftial motions is regulated

;

namely, that the accelerative force of each particle of

matter towards every other particle decreafes as the

fquares of the diftances increafe, it will necelTarily fol-

low, that every hill muft, by its attraction, alter the di-

rection of gravitation in heavy bodies in its neighbour-

hood from what it would have been from the attraction

of the earth alone, confidered as bounded by a fmooth

and even furface. For, as the tendency of heavy bodies

downwards perpendicular to the earth’s furface is owing

to the combined attraction of all the parts of the earth

upon it, fo a neighbouring mountain ought, though in a

far lefs degree, to attraCt the heavy body towards its cen-

tre of attraction, which cannot be placed far from the

middle of the mountain. Hence the plumb-line of a

quadrant, or any other altronomical inftrument, muft

be deflected from its proper fltuation by a fmall quantity

VoL. LXV. U u u ftars,
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towards the mountain ; and the apparent altitudes of the

ftars, taken with the inftrument, will be altered accord-

ingly.

It Will ealily be acknowledged, that to find a fen-

lible attradtion of any hill from undoubted experi-

ment would be a matter of no fmall curiofity, \vould

greatly illuftrate the general theory of gravity, and would

make the univerfal gravitation of matter palpable, if 1

may fo exprefs myfelf, to every perfon, and fit to con-

vince thofe who will yield their aflent to nothing but

downright experiment. Nor would its ufes end here;

as it would ferve to give us a better idea of the total mafs

of the earth, and the proportional denfity of the matter

near the furface compared with the mean denfity of the

whole earth. The refult of fuch an uncommon ex-

periment, which I fbould hope would prove fuccefsful,

would doubtlefs do honour to the nation where it was

made, and the fociety which executed it.

Sir ISAAC NEWTON gives us the firfi: hint of fuch an

attempt, in his popular Treatife of the Syftem of the

World, where he remarks, That a mountain of an he-

“ mifpherical figTire, three miles high and fix broad, will

not, by its attradlioii, draw the plumb-line two minutes

“ out of the perpendicular.” it will appear, by a very

eafy calculation, that fuch a mountain wuuld attradl the

plumb-line 1

8

^' from the perpendicular.

But the firfi; attempt of this kind was made by the

French Academicians, w'ho meafured three degrees of

the meridian near Quito in Peru, and who endeavoured

to find the elFecfi; of the attraction of Chimborazo, a

5 mountain
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mountain in that neighbourhood, which is elevated near

four miles above the fea, though only about two miles

above the general level of the province of Quito. By
their obfervations of the altitudes of fixed liars taken

with a quadrant of 2^ feet radius, they found the quan-

tity of 8'' in favour of the attradlion of themotintain,by a

mean of their obferv^ations. This, indeed, was much iefs

than they expelled
;
but then it is to be confidered, that

their inflrumentwas too fmall and imperfe6l for the pur-

pofe; and that they themfelves were fubjedl to great in-

conveniencies, being Iheltered from the wind and wea-

ther by nothing but a common tent, and placed fb high

up the mountain as the boundary where the fnow begins

to lie unmelted all the year round. And indeed their ob-

fervations, doubtlefs owing to thefe caufes of error, dif^

fer greatly from one another, and are therefore infuffi-

cient to prove the reality of an attra6lion of the moun-
tain Chimbora(}o, although the general refult from them

is in favour of it. Accordingly, one of the French gentle-

men themfelves, M. bouguer, who drew up the account

of their experiment, expreffes his wiflies, that a like expe-

riment might be made, to find the attradlion of a moun-
tain in France or England, where he thinks fome might

be found of fufhcient bulk for the purpofe. This experi-

ment and thefe remarks were made in the year 1738,
or above thirty years ago, yet I believe no fimilar experi-

ment has ever been made in Europe.

I have made inquiries after a proper hill in this king-

dom, for the trying of fuch a curious experiment, and

U u u 2 have
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have been informed of two places in particular, extremely

convenient for the purpofe. The one is lituated on the

confines of Yorkfliire and Lancafliire
;
where, within the

compafs of twenty miles, are fituated four very remarka-

ble hills, called Pendle-hill, Pennygant, Ingleborough,,

and Whernfide, which have been eflimated to be from

600 to 750 yards elevated above the plane of the vales

between them. By calculation on thefe data^ it fliould

follow, that the fumof the contrary attradtionsofWhern-
lide,. the largeft of thefe hills, on the plumb-line placed

half-way up the hill, would not be lefsthan 3 o", and might

amount to 46^', which it is evident is a very confiderable

quantity, and futhdent to give us room to hope for a far

vourable and fatisfadory fuccefs ot the experiment. The
other place pointed out for this purpofe, is a valley two

miles broad, between the hills Helwellin and Skidda, in

Cumberland,; which hills, according to a plan of them and

the adjacent country, communicated by Mr. smeaton,

F .R .s .are elevated above 1000 yards above the intermediate

valley- By a calculationmade according to this plan, the

fum of the contrary attradions of the plumb-line, placed

alternately on the North-fide of Helwellin and theSoutli-

lide of Skidda, amounts to about 20", which is likewife

a quantity large enough for the experiment. And al-

though the denfity of the earth near the furface fliould

be five times lefs than the mean denfity, as there is fome

reafon to fufped, and the attradions, as here flated, fliould

confequently be diminiflied in the proportion of five to

one, hill the fum of the contrary attradions of Whern-
fide
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fide would be &' or 9'', and the fum of the contrary at-

tradtions of Helwellin and Skidda would be 4'^; which
quantities are not too fmall to be meafured and demon-
ftrated by an accurate zenith fedtor, fuch as that belong-

ing to the Royal Society, which I made ufe of at St. He-

lena, would be, if the fault in the fufpenlion of the

plumb-line, which I there difcovered, was corredled,

in the manner fuggefted in the Philofophical Tranfac-

tions, vol. LIV. p. 3.5 1 ..

XLix,
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XLIX. An Account of Obfervathns made on Moun^

tain for finding its AttroBion. By the Rev.

Nevil Maikelyne, J5. D. F, R, S, and AJirononur RoyaL

Redde, July 6, T the year i77i, I prefented the forego-

ing propofal, for meafuring the attrac-

tion of fome hill in this kingdom by aftronomical obfer-

vations, to the Royal Society ; who, ever inclined to pro-

mote ufefnl obfervations which may enlarge our views

of nature, honoured it with their approbation. A com-

mittee was in confequence appointed, of which number

I was one, to conlider of a proper hill whereon to try the

experiment, and to prepare every thing necelTary for car-

rying the defign into execution. The Society was already

provided with a ten-feet zenith fe61or made by Mr. sis-

soN, furnillied with an achromatic object glafs, the prin-

cipal inftrument requilite for this experiment, the fame

which I took with me to St. Helena in the year 1761;^

vvhich wanted nothing to make it an excellent inftru-

ment but to have the plumb-line made adjuftable, fo as to

pafs before and bifedt a fine point at the centre of the in-

ftmmenh This was ordered to be done, and a new

wooden ftand provided for it, capable of procuring a mo-

tion of the fedlor about a vertical axis, by means ofwhich

it could -be more eafily brought into the plane of the me-

ridian,
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ridian, or turned half round for repeating the ohferva-

tions with theplane of the inlfrument placed the contrary

way, in order to find the error of the line of collimation.

A large parallelopiped tent, 1 5^ feet fquare and 17

feet high, was alfo provided for flieltering both the in-

Itrument and the obferver who fliould ufe it, compofed

of joices of wood well framed together, and covered with

painted canvas. The Society was likewife poflefled of

mofl: of the other inftruments requifite for this experi-

ment; as an aftronomical quadrant and tranfit inftru-

ment made by Mr. bird, and an aftronomical clock by

SHELTON, which had all been provided on occafion of

the obfervations of the tranfit of Venus iniybi or 1769.

A theodolite of the heft fort was wanting, a neceftary in-

ftrument for obtaining the figure and dimenfions of the

hill. One of Mr. ramsden’s conftru(ftion of 9 inches dia-

meter, was thought the fitteft for the purpofe, on account

of the excellence of the plan on which it was made, and

the number of its adjuftments, being capable of meafur-

ing angles for the moft part to the exaclnefs of a fingle

minute. The other inftruments prepai'ed for this buli-

nefs were, two barometers of M. be lug’s conftrucftion,

made by Mr. nairne; a common Gunter’s chain; a roll

of painted tape three poles long, having feet and inches

marked upon it; two fir poles of 20 feet each, and four

wooden ftands, for fupporting them when ufed in mea-

Turing the bafes, and a brafs ftandard of five feet for ad-

jufting them. The poles and ftands were provided on

the fpot.

Although
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Although accounts had been received from various

perfons of feveral hills fuppofed proper for the intended

purpofe, fome better and fome worfe authenticated; yet,

in order to be fure of finding the heft hill for the experi-

ment, it v'as determined to fend a perfon furniflied with

proper inftruments, to make fuch obfervations on various

hills in England and Scotland, as might enable us to

choofe the fitteft for the purpofe. Accordingly Mr.

CHARLES MASON, wlio had been employed on feveral af-

tronomical occalions by the Royal Society, was appointed

to make a tour through the Highlands of Scotland in the

fummer of the year 1773, taking notice of the principal

hills in England which lay in his route either in his going

or in his return. It appeared from his obfervations, that

fcarce any hill was fo well adapted to the purpofe as our

fanguine hopes had led us to expe6t; for either they

w^ere not high enough, or not fufficiently detached from

other hills, or their greateft length fell in a wrong direc-

tion, too near the meridian, inftead of lying nearly Eaft

and Weft, which is a circumftance requifite to make a

hill of a given height afford the greateft effecft of attrac-

tion. In particular, the hills on the confines of York-

fhire and Lancafhire, mentioned in the foregoing propo-

dal, were found not to anfwer the defcription that had

been given of them. Fortunately, however, Perthfhire

afforded us a remarkable hill, nearly in the centre of

Scotland, of fufhcient height, tolerably detached from

(Other hills, and confiderably larger from Eaft to Weft,

than from North to South, called by the people of the

low
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low country Maiden-pap, but by the neighbouring in®

habitants, Schehallien; which, I have hnce been in^

formed, fignifies in the Erfe language, Gonftant Storm

:

a name well adapted to the appearance which it fo fre*«

quently exhibits to thofe who live near it, by the clouds

and mills which ufually crown its fummit. It had, more-

over, the advantage, by its lleepnefs, of having but a

fmall bafe from North to South; which circumllance,

at the fame time that it increafes the effedl of attrac-

tion, brings the two llations on the North and South

lides of the hill, at which the fum of the two contrary

attradlions is to be found by the experiment, nearer to-

gether; fo that the necelfary allowance of the number
of feconds, for the difference of latitude due to the mea-

fured horizontal diftance of the two llations in the direc-

tion of the meridian, would be very fmall, and confe-

quently not fubjedl to fenlible error from any probable

uncertainty of the length of a degree of latitude in this

parallel. For thefe reafons the mountain Schehallien

was chofen, in preference to all others, for the fcene of

the intended operations
;
and it was concluded to make

the experiment in the fummer of the year 1774.

It was forefeen, that this experiment would be at-

tended with conliderable expence, and fuch as might ea-^

lily have exceeded the common funds of the Royal So-^

ciety, without fome extraordinary alTillance, The bounty

of his Majelly, our Patron, happily removed this diffi-

culty. At the humble requell of the Society, his Ma-
ielly had been gracioully pleafed to grant a verv ample

.. VoL. LXV. Xxx ' fum
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fum to their difpofal, for defraying the expences of the

obfervations of the late tranht of Venus in 1769, as his

Majefty had before done with refpedl to the former tranfit

of Venus in 1761. Out of this benefacftion, after all

expences had been paid, there was a conliderable re-

mainder, and, the Society humbly requeuing to know
his Majefty’s pleafure about the difpofal of it, he was

gracioufly pleafed to direct them, to lay it out in Juch

manner as they thought proper^ and was nioji agreeable to

the end of their injiitution. As this bounty of his Ma-
jelty had been originally granted for an aflronomical

purpofe, the Society thought they could not difpofe of

it on any more important objedt, or in any manner more

conliftent with the intentions of their Royal Patron and

Benefa6tor, than by expending it on this aflronomical ex-

periment of the attra61ion of a mountain, as what could

hardly fail of throwing light on the principle of univerfal

gravitation, and was likely to lead to new difeoveries con-

cerning the conftitution of this earth which we inhabit,

particularly with refpedl to the denfity of its internal parts.

The experiment being thus refolved upon, the next

next thing to be done was to fix on a proper perfon to

carry it into execution. Numerous and interefting as my
literary engagements are at the Royal Obfervatory, I had

no thoughts of undertaking this care and labour myfelf,

till the Council of the Royal Society were pleafed to do

me the honour to think my affiflance necefiTary to infure

Ihe fuccefs of fo important and delicate an experiment.

Their thinking fo was a fufficient motive with me to

encounter
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encounterwhatever difficulties and fatigues might attend

operations carried on in fo inconvenient and inclement a

fituation. But it Avas requifite I fliould alfo have his Ma-
jefty’s permiffion for abfenting myfelf fo long from my
duty at the Royal Obfervatory. This his Majefly was

gracioufly pleafed to grant; and to allow me to flay as

long as I thought neceflary, to complete 7fiy very impor*

iant obfervations.

Such were the motives for undertaking this experi-

ment, and the preparations made for putting it in execu-

tion. I am now to give an account of the operations

themfelves.

The quantity of attra6lionof the hill, thegrand point to

be determined, is meafured by the deviation of theplumb-
line from the perpendicular, occafioned by the attradlion

of the hill, or by the angle contained between the actual

perpendicular and that which would have obtained if the

hill had been away. The meridian zenith diflances of

fixed ftars, near the zenith, taken Avith a zenith fedlor,

being of all obfervations hitherto devifed capable of the

greatefl accuracy, ought by all means to bemadeufe of on

this occafion : and it is evident, that the zenith inflrument

fhould be placed direcflly to the North or South of the cen-

tre of the hill, or nearly fo. In obfervations taken in this

manner, the zenith diftances of the ftars, or the apparent

latitude of the Ration, Avill be found as they are affected by

the attra6lion of the hill. If then we could by any means

knov/ what the zenith diftances of the fame ftars, or Avhat

the latitude of the place would have been, if the hill had

X X X 2 been
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been away, we fliould be able to decide upon the efFe(5t of

attradlion. This will be found, by repeating the obferva-

tions of the liars at the Eafl or Welt end of the hill,

where the attradlion of the hill, a6ling in the direction of

the prime vertical, hath noeffedl on the plumb-line in the

diredlion of the meridian, nor confequently on the appa-

rent zenith dillances of the liars
;
the differences of the

zenith dillances of the liars taken on the North or South

hde of the hill, and thofe obferved at the Eall or Well

end of it, after allowing for the difference of latitude an-

fwering to the dillance of the parallels of latitude palling

through the two llations, will Hiew the quantity of the

attradlion at the North or South llation. But the experi-

ment may be made to more advantage on a hill like

-Schehallion, which is lleep both on the North and South

lides, by making the two obfervations of the liars on

both Tides
;
for the plumb-line being attracted contrary

ways at the two llations, the apparent zenith dillances

of liars will be affedled contrary ways; thofe which

were increafed at the one llation being diminiihed at the

other, and confequently their difference will be affedled by

the fum of the two contrary attradlions of the hill. On
the South hde of the hill, the plumb-line being carried

Northward at its lower extremity, will occahon the ap-

parent zenith, wTich is in the direction of the plumb-line

continued backwards, to be carried Southward, and con-

fequently to approach the equator; and therefore, the

latitude of the place will appear too fmall by the quan-

tity of the attra(5lion
; the dillance of the equator from

the
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the zenith being equal to the latitude of the place. The
contrary happens on the North lideof the hill; the lower

extremity of the plumb-line being there carried South-

ward will occafion the apparent zenith to be carried

Northward or from the equator; and the latitude of the

place will appear too great by the quantity of the attrac-

tion. Thus the lelTer latitude appearing too fmall by the

attraction on the South fide, and the greater latitude ap-

pearing too great by the attradfion on the North fide,

the difference of the latitudes wall appear too great by

the fum of the two contrary attradlions; if therefore

there is an attradlion of the hill, the difference of latitude

by the celeftial obfervations ought to comie out greater

than what anfwers to the diflaiice of the two fcations

meafured trigonometrically according to the length of a

degree of latitude in that parallel, and the obferved dif-

ference of latitude fubtradled from the difference of la-

titude inferred from the terrelfrial operations, will give

the fum of the two contrary attradfions of the hill. To'

afcertain the diflance between the parallels of latitude

palling through the two llations on contrary lides of the

hill, a bafe miifc be meafured in fome level fpot near the

hill, and connedted with the two hatioiis by a chain of

triangles, the diredlion of wdiofe lides, with refpedi; to the

meridian, llrould be fettled by alironomical obfervations.

If it be required, as it ought to be, not only to know
the attraddon of the hill, but alfo from thence the pro-

portion of the denfity of the matter of the hill to the

mean denlity of the earth
;
then a. furvey mult be m.ade

of
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‘of the hill to afcertain its dimenfions and figure, from

whence a calculation may be made, how much the hill

'Ought to attradl, if its denfity was equal to the mean den-

fity of the earth
; it is evident, that the proportion of the

avftual attradtionof the Kill to that computed in this man-
ner will be the proportion of the denfity of the hill to

the.mean denfity of the earth.

Thus there were three principal operations requifite

to be formed. i. To find by celeftial obfervations the

apparent difference of latitude between the two flations

chofen on the North and South fides of the hill. 2.

To find the diftance between the parallels of latitude.

34 To determine the figure and dimenfions of the hill.

I arrived at the hill of 'Schehallien on the laft day of

June, and found the obfervatory and inftruments there,

which had been brought down fome time before from

London to Perth on board a fliip, and thence conveyed

over land to the hill under the care of Mr. TxEUBen bur-

row, my late alfiftant at the Royal Obfervatory. The
obfervatory was fixed half-way up the South fide of

the hill, as the place where the effect of the hill’s attrac-

tion would be at the greatefi:, and it was placed in the

like manner when it was afterwards removed to the

North fide. A circular wall w'as railed, five feet in dia-

meter, and covered at top with a moveable conical roof

for flieltering the aftronomical quadrant ; and a fquare tent

was put up for receiving the tranfit inftrument, all near
^

to the obfervatory. A bothie, or temporary hut, was alfo

made near it, for my refidenre, while I w^as attending

7 the
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the aftronomical obfervations on this fide of the hill. T

firll: put the fe£k)r, nearly in the meridian, by means of

the variation compafs; but, thro’ the badnefs of the

weather, which was almofl continually cloudy or miflv, 1

could not before the middle of July get a fufhcient num-
ber of obfervations with the aftronomical quadrant, to

know the ftate of the clock, in order to dravr a meridian

line on the floor of the obfervatory, for fetting the fedlor

truly in the plane ofthe meridian. The firft obfervations

w^hich I made with the fedtor, after it was put truly in

the meridian, were on the 20th of July. Between this

time and the end of the month, I obferved the zenith*

diftances of 34 ftars, fome to the North and fome to the

South of the zenith; and many of them feveral times

over, having taken 76 obfervations in all, with the plane

of the fedlor turned to the Eaft. On the firfl of Augufl:,

.

I turned the plane of the inftrument about, to face the

Weft, and fet it in the meridian again, by means of the

meridian line drawn on the floor the 26th of July, and

fecured by picquets driven into the ground
; and between

that and the 1 5 th of the fame month, I obferved 39 ftars

including moft of thofe taken in the former pofltion of

the inftrument, and took 93 obfervations in all..

And here let me take notice of a me>thod which I felB

upon of verifying the pofltion of the fedlor, with refpedt

to the plane of the meridian, which, had I thought of it

at firft, would have faved me much trouble; and there-

fore I will now mention it, as it may be ufefuhto future

obfervers. It conflfts in obferving the tranflts of two

ftarsj..
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liars, differing confiderably in declination from one ano-

ther acrofs the vertical wire of the feclor, and compar-

ing; the obferved diiference of their tranfits with the

known difference of their right afcenlions. If they agree^

it may be fafely concluded, that the inifrument is truly

placed in the meridian. If not, by comparing the alte-

ration that would be produced in the difference of the

tranfits, by fuppoiing the inflrument out of the me-

ridian, by any fmall quantity, as one degree or ten mi-

nutes, vvith the obferved error, the deviation of the

inflrument from the meridian may be inferred. In this

manner I found, that the inllrument had been put

very exadlly in the meridian by means of the meri-

dian line; the difference by the two methods coming

out only minutes of azimuth. As to the continu-

ance of the inflrument in the plane of tb e meridian,

I had a conflant proof of it by the fame means, and like-

wife a farther fecurity, which I did not fail to attend to,

by noting the degree and minute which an index de-

pending on the vertical axis of the inflrument pointed

out on a fixed azimuth circle. Being apprehenfive of

error in an inflrument fupported on a wooden frame,

I frequently examined the parallelifm of the fore arch to

the back arch, by meafuring their perpendicular diflances

at the two ends with a brafs fcale, whole vernier fliewed

the five hundredth part of an inch, and found it liable

to variations of a minute or two, owing probably to the

force ufed in fetting the fedlor to different zenith dif-

tances, and the weaknefs of fome fcrews at the top of the

frame
;
which fmall error I corrected, till I found it liable

to
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to continual returns : and I fatisfied myfelf, that the

plane of the fe(5tor never deviated above three minutes

from the meridian in any of the obfervadons taken on
the South fide of the hill, which, it is evident, could not

in the lead: atfe^l the obferved zenith dillances of ftars*

I hardly ever obferved without examining the bife6tion

of the point at the centre of the inftrument, by the plumb-
line; which was abfolutely neceflary, on account of the

gradual changes of the wooden frame. My view in

mentioning thefe minute cireumftances is, to caution fu-

ture obfervers, as well as to confirm my own obferva-

tions. But whoever makes ufe of an inftrument of this

kind, fupported on a wooden frame, will find the greateft

attention neceflary to attain the fame degree of accuracy

in his obfervadons, as if his inftrument were fixed to an

immoveable wall. In the mean time, by obfervadons

taken with the quadrant and tranfit inftrument, I got a

meridian line, and planted a pole to preferve it on the

top of the hill, to the South of the inftrument, and ano-

ther at the foot of the fame hill ; from whence, by mea-
furing off an equal diftance to the Eaft (as the South-weft

corner of the obfervatory lay to the Eaft of the tranfit

inftrument) and fetting up another pole, another meri-

dian line was got, pafllng through the South-weft cor-

ner of the Southern ftation of the obfervatory. The rea-

fon for making the meridian line pafs through the South-

weft corner of the obfervatory rather than through the

middle of it was, that this part of it had been taken when
VoL. LXV. Yyy the
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the obfervatory had been ufed as an objedl in taking

angles by the theodolite, in the lurvey of the hill.

While Iwas engaged in thefe aftronomical obfervations,

Mr. BURROW, attended by Mr. william menzies, a land-

fnrveyor living in the neighbourhood, who had been re-

commended by fome of the principal gentlemen of the

country, as a proper perfon for this work, went out every

day that the weather permitted, to take fediions of the

hill, and angles between feveral objects, for determining

the figure and dimenfions of the hill. The method made
life of was this, which was propofed by Mr. burrow,

and was well adapted to the purpofe. A number of Ita-

tion poles were fet up at convenient di fiances all round

the foot of Schehallien ; but rather without its bafe, and.,

chiefly on little eminences rifing from the foot of it,

which formed a polygon of many fides, furrounding the

hill; and when delineated on paper, fliew very nearly

the fhape of its bafe. At each ftation, the angular pofi-

tion of two or more of the other ftations being obferved.

with the theodolite, and one- fide being determined by

means of a meafured bafe, all the other fides will be

known. From thefe ftations, fedfions of the hill up to

the top? were taken in the following manner. The the-

odolite, being placed at any ftation, was pointed towards

the hill; and a labourer was fent with a number of poles,

which he was to plant in the ground truly upright, at

regular diftances and in a vertical plane, according to

fignals which he received from the perfon that ftood at

the theodolite, who alfo took the altitude of the foot of

each
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each pole, and likewife the horizontal angle contained

between the plane of the fe6tion poles and the next fta-

tion pole to the right or left. The theodolite was then

removed, and planted diredfly over the centre of this

nation pole, which was removed for this pnrpofe
;
and

the horizontal angle taken between a pole now planted

at the firft ftation and each of the poles of the fecSlion.

The horizontal diftance of the two ftation poles being

known, the horizontal diftance of each of the fe6lion

poles from the firft ftation, and their refpedlive perpen-

dicular altitudes above it, or depth below it, will be given.

It is manifeft, that thefe operations, when conne61ed

by angles with the two ftations of the obfervatory and

the meridian line, would at the fame time give the fliape

and dimenlions of the hill, and the diftance of the pa-

rallels of latitude pafling through the two ftations of the

obfervatory, as well as their refpecftive elevations above

the bafe of the hill. But errors being apt to accumu-

late in a long chain of triangles ; to obviate this danger,

as well as to produce a check on any great miftakes, that

might happen to be made in reading off, or writing down,

the angles, I caufed a heap of ftones, or carit as it is

called by the people of the country, to be raifed in a cir-

cular figure fix feet high, at the higheft pomtof the ridge

of the hill, which is to the Weft of it, as a fignal to be

obferved from the feveral angles of the polygon, and as

a means of connecting the two ftations of the obferva-

tory by a fmaller number of triangles. Another earn

towards the Eaftern end of the ridge of the hill was

Y y y 2 afterwards
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afterwards fet up for the like purpofe. I propofed to de-

termine the diftance of the two earns by connecting

them by angles with a bafe, to be meafured in a level

fpot in the vale below the hill, and then to make ufe of

the faid diftance as a fecondary bafe for determining the

tides of the polygon, and the diftance of the two ftations

of the obfervatory. Had the two earns been vifible from

the two ftations of the obfervatory, two triangles would

have fufiiced for connecting the two ftations together.

But, notwithftanding that this was not the cafe, and that

only the two earns were vifible from one another, yet all

the angles of thefe two triangles were meafured by Mr.

BURROW in the following method, fuggefted by himfelf.

He went with the theodolite to the neighbouring hill on

the South fide of Schehallien, which runs parallel to it

;

and, by varying his fituation, found a point whence the

Weftern earn and Southern obfervatory appeared by the

theodolite to be in one vertical plane, and removing the

theodolite he planted a pole there. In like manner he

planted another pole on the fame hill, in a vertical plane

with the Southern obfervatory and Eaftern earn. Then
returning to the obfervatory, he took the horizontal angle

contained between the two poles,, which it is evident is

equal to its oppofite angle, or that contained between the

earns. And going to the Weft carn^ he took the angle

contained between the Eaft earn and the pole planted on
the oppofite hill, in a line with the Southern obfervatory

and Weft earn., which is the fame with the angle be-

tween the Eaft earn and Southern Obfervatory. And
iaftly, going to the Eaft earn., he took the angle con-

5 tained
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tained between the Weftern earn and the pole placed on
theoppolite hill in a line with the Eaft earn and Southern

obfervatory, which is the fame with the angle contained

between the Weftern earn and Southern obfervatory.

Thus were the three angles found of the triangle made
by the Southern obfervatory and two earns. In the like

manner were the angles of the triangle made by the

Northern obfervatory and two earns found afterwards.

And, as a proof that the angles of the two triangles were

rightly determined, their fum in the firft cafe differed

from 1 8o° by little more than two minutes; and in the

fecond cafe by only half a minute.

Notwithftanding the advantages which attended this

method of finding the diftance of the two ftations of the

obfervatory, I thought it proper to make ufe alfo of the

other method of doing the fame thing by a fmall num-
ber of triangles carried diredUy acrofs the hill, thinking

it expedient,, in a matter of fuch confequence, to rely on

no fingle operation;, but, as far as pollible, to confirm

every deduction by another found in an independent

manner. I had caufed two poles to be fet as far up the

hill of Schehallien as they could be* placed
;
one as near

the Weftern, and the other the Eaftern earn as they

could be, fo as to be vifible from the Southern ftation of

the obfervatory : alfo two others in like manner vifible

from the North obfervatory
;
one of which was very near

the Eaft carn^ and the other only 269 feet diftant from

the Wefternmoft of the two poles vifible from the South

obfervatory ; fo narrow was the ridge of the hill in that

part, although it grew wider both to the Weft and

Eaft,
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Eail, but much more towards the latter. With thefe-

four poles, the Eaft car77 ,,
and the two ftations of the ob-

fervatory, five triangles were formed, conne6ting the two

ftations of the obfervatory, the relative fituation of which

to each other would be determined as foon as the length

of any one of the fides of thefe triangles was known,

either by comparing it with a bafe meafured in the valley

below, or with the diftance of the two cavjis fettled in

that manner.

I had got fufficient obfervations of zenith diftances of

ftars with the feftor on the South fide of the hill by the

15th of Auguft; I prepared therefore for removing the

obfervatory and inftruments to the new ftation on the

North fide. This was a work of great labour and dift

ficulty, as every thing was carried over the ridge of the

hill on men’s flioulders, and fome of the packages were

very weighty ; it employed the labour of twelve men for

a week, and was compleated on the 26th. A large level

area had been cut away, with great labour, here, in the

fide of the hill, for receiving the obfervatory, as had be-

fore been done on the South fide of the hill. A new bo~

thie was alfo ere6ted, and places for holding the qua-

drant and tranfit inftrument, as before, adjoining to the

obfervatory.

The badnefs of the weather prevented me from be-

ginning my obfervations with the fe61:or till the 4th of

September ;
but, that being a clear night, I had a fair op-

portunity of putting in pra6Uce the method of bringing

the inftrument into the meridian by the tranfits of the

ftars
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ftars acrofs the plane of the fe61or, which was mei^tioned

before. The fe6lor being put up with its plane( facing

the Weft, and fet near the meridian by the variation

compafs, allowing for the variation, I found, by the

tranlit of o Draconis, on the North lide of the zenith,

compared with thofe of i and d Gygni on the South

fide, that the inftrument deviated 49^ minutes to the

Weft of the South in azimuth; which being corre6ted,

by turning the inftrument about on its vertical axis,

towards the Eaft, by the help of the diviftons on the azi-

muth circle
;

I then found, by the tranftt of n Cephei,

on the North ftde of the zenith compared with that of

7: Cygni on the South ftde, that the inftrument deviated

feven minutes to the Eaft of the South in azimuth, which
1 correcfted accordingly. And fo near was it brought to

the meridian in this manner, that by the moft exacft com-
parifon of the tranftts of feveral ftars on the 7 th and 8th

inftant, it appeared to be only two minutes out of the

meridian,, and that to the Eaft of the South
;
which fmall

error I alfo attempted to correcft; but the inftTument

refted one minute out of the pofttion which I intended

to give it, owing to the difficulty of turning it about to

fuch great nicety, and fo I let it remain.

It was indeed a moft fortunate circumftance, that I thus

got the inftrument fo near the. meridian by the very firft

night’s obfervations, thofe of September 4th; forthebad-

nefs of the weather inthe day preventedme from getting a

meridian lineby the Sun till the 1 5 th. Had I therefore been,

obliged tov/ait for fettingthe inftrument right by the Sun,

I ftiould.



C Si8 ]

I flioiild have loft four good days obfervations, which were

two-thirds of thofe I took on this fide of the hill with the

plane of the inftrument turned to the Weft, and been re-

tarded near three weeks in my obfervations
; and, as the

opportunities of weather fit for obferving at all were but

very rare, I might have been thereby thrown back into

the winter, and defeated of making fo complete a fet of

obfervations on the North fide of the hill as I had got

on the South fide, whofe correfpondence would thereby

have been rendered lefs perfedt. I had the fatisfadtion,

however, when I drew the meridian line on the floor of

the obfervatory by the equal altitudes of the Sun tak i

on the 15 th, to find it agree perfedtly, even to the fame

minute, with the pofition of the inftrument, as deter-

mined by the tranfits of the ftars. But no one will doubt

of the fuperior eafe and readinefs afforded by the latter

method, in preference to the other.

On the 20th of September I compleated the obferva-

tions with the plane of the fedlor turned to the Weft,

having obferved 3 2 ftars, and taken 6 8 obfervations in

* all. On the 2 2d, I turned it about with the plane to face

the Eaft, and fet it again in the meridian, by putting it

parallel to its former pofition, by means of the meridian

line fecured by marks made on picquets let into the

ground perpendicularly below the plane ofthe inftrument,

before it was turned. Between this time and the 24th of

O(ftober, I obferved 37 ftars, and took 100 obfervations

in all, with the plane of the inftrument facing the eaft

:

and
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and thus I compleated my whole feries of obfervatjons

with the fe6tor, having obferved 43 different liars in all,

on both fides of the hill, and taken 337 obfervations.

As a few obfervations, taken with fo excellent an in-

11rument as this zenith fe61or, would have been fufficient

to determine the apparent difference of latitude of the

two nations of the obfervatory, to a fecond or two
; I

am apprehenfive I may be thought by many to have

multiplied obfervations unneceffarily. However that

may be, I apprehend, that doubling the obfervations

in each ftation of the obfervatory, by taking them with

k ,e plane of the inftrument alternately facing the Eaft

•and Weft, will be allowed to be a proper ftep, as the

line of collimation of the inftrument is hereby feparately

determined at each ftation, and thereby all danger of any

alteration happening in the fame, in its removal from one

lide of the hill to the other, is intirely obviated. I had,

indeed, all the reafon in the world to think, that the

fedtor was carried from one ftation to the other without

the leaft accident; but ftill it was proper to guard againft

what was poftible to happen.

But I had reafons alfo for multiplying the obfervations

made in the fame pofition of the inftrument. It was im-

portant to demonftrate the exa61nefs of the inftrument

from the near agreement of a number of obfervations

taken with it, as its excellence was not to be intirely pre-

fumed, unlefs this proof could be fhewn in its favour. Be-

ftdes, it might be expefted, that fome unfteadinefs or warp -

VoL. LXV. Z z z ing
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Ing of the wooden hand on which it was fupported, might

affedt the accuracy of the obfervations
;
or there might be

variable and difcordant refradtions, even near the zenith,

on the fide of fo fteep a hill, more than are found in

lower fituations. Add to this, that when I began my ob-

fervations on the South fide of the hill, having a profpedt

of bad weather before me, and not knowing how few ob-

fervations I might be able to get on either fide of the

hill, I thought it prudent to endeavour to obfcrve mod:

of the flars in the Britifli catalogue, which came within

the reach of the inftrument, that I might be lure of being

provided with obfervations of fome at leafl of the fame

flars, which I might afterwards obferv^e when I fliould

be removed to the North fide of the hill; where, after

an interval of perhaps fome months, many flars, that

before paffed the meridian in the night, would pafs it in

the day, and confequently be either invifible through

the telefcope of the fedlor, or more precarious of being

feen.

Although ameridian line hadbeen foundby the tran fit

inflrument at the South obfervatory, whereby the re-

lative fituation of the two flations of the obfervatory, as

well as of the other points of the hill, with refpedl to the

meridian, might be determined; yet I judged it would be

more fatisfadtory to confirm this by another meridian

line drawn at the Northern obfervatory. This I found,

as I had done the former, by fetting the tranfit inflru-

ment to agree with the pole-flar at the computed time of

its paffing the meridian, and confirmed it by comparing

I the
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the difference of the tranfits of the pole-ftar and of a Pe-

gafi, cc Andromedae, and y Pegafi, with their difference

of right afcenfion, in the fame manner by which I had
put the fedtor in the plane of the meridian, and found it

to agree with the former meridian line within two mi-

nutes.

It remains to give an account of the manner in tvhich

the two bafes were meafured
;
one in a level fpot at the

foot of the hill, to the Southward; and the other at the

diftance of about 2j miles from the hill to the Nortlr-

weft, in the plain of Raiinock. I caufed two mea-

furing poles to be made of ftrait-grained weil-feafoned

fir, in the form of fquare tubes, 3 inches fquare and lo

feet long, and ftrengthened Avith fquare pieces within-

fide at feveral diftances. Thefe were carefully compared

Aviththebrafsftandard made by Mr. bird, the famewhich

was ufed in the meafure of the degree at Penfylvania, im-

mediately before they were applied to the meafure of the

bafes, and the height of the thermometer noted at the

time in order to make allowance for the expanfion or con-

tradlionof thebrafsftandardby heatorcold. Fourwooden

ftands were provided for fupporting the poles
; each hav-

ing a triangular bafe with three iron fpikes beneath, at

each of the angles. An upright pole, fix feet high, rofe

from the middle of one fide of the triangle, and two fliort

braces were joined to it from the two ends of this fide,

and a long flant pole from the oppofite angle. Two Aiding

arms were put upon the upright pole, capable of being

raifed or depreffed, one above and the other below the

Z z z 2 place
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place where the llant pole was faftened to the upright

pole, for fupporting the meafuring poles at a convenient

height above the ground. In meafuring the bafe, one end

of a pole wasfupported on one of the hands, and the other

end on another hand
;
and it was fet horizontal by means

of a fpirit level laid on it about the middle, and by raif-

ing or depreffing the arm on which it relied at one or

the other end. The other pole was then, in like man-
ner, Supported on the two other hands truly level, and

in the fame vertical plane with the former pole, namely,

that of the intended bafe, without regarding whether

they were exachly of the fame height, and with fome

fmall horizontal interval between their ends. This in-

terval was meafured by laying one leg of a brafs redlan-

gle, which was divided into inches and tenths, along one

pole, while the other, or vertical leg, touched the end of

the other pole: for it was not thought advifeable, to

bring the ends of the poles to touch exactly, as that would

have taken up a great deal of time, and might have en-

dangered the altering the politionof the hindermoll pole,

if it fhould chance to receive any fliock by laying down
the foremoft pole. It is evident, that the inches and tenths

given by the divilions of the brafs rectangle are to be

added into one fum togetherwith the poles, in computing

the length of the bafe. When the foremoft pole was truly

placed, and the interval between them had been mea-

fured by the divided lide of the brafs rectangle, the hind-

ermoft pole was taken up, and the hands on which it hatl

relied were advanced forwards, and the pole again laid

on
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on them, truly level, and in the true direcflion of the bafe.

In order to fet the poles continually in the proper direc-

tion of the bafe, the following method was ufed. The
theodolite was firft fet up at one end of the bafe, and an

upright pole at the other, and another in the middle, and

a third was from time to time advanced to a little diftance

forward ; and themeafuring poles werefometimes placed

in the proper direction by the eye, looking along the

lengths of both poles together to the upright pole before

them, and fometimes by the help of the theodolite. In

this manner, about the middle of September, a bafe was

meafured by Mr. burrow and Mr. menzies of 3012
feet, in the valley at the foot of the hill to the South-

well: ;
but not fo accurately as this method is capable of,

owing to the Hands being very unfteady, through the

loofenefs of the fpikes in the feet and other faults, during

the meafuring the firft quarter of the bafe, though they

were mended before the menfuration of the remainder

of it. The menfuration of another bafe of the length

of 5897 feet, in the meadow of Rannock, about 2- miles

to the South-weft of the centre of the hill, which I at-

tended myfelf, was performed with the greateft accu-

racy, according to the fame method, on the loth, i ith,

and 1 2th of Odfober, with new Hands, more fubHantial

and firm than the former.

The extreme badnefs of the weather no lefs retarded

the operations of the furvey than the celeHial obfer-

vations; for there was almoH conHant rain, miH, or

high wind, to obHru(H the ufe of the theodolite : indeed

all
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all the people of the country agreed, it was the worft

feafon that had ever been known. So that it was not till

the 2,0th of 06tober that the fections had been carried

all round the hill. Nor would this work have been fo

much forwarded as it was, had it not been for the ufe of

an additional theodolite of the fame conftrudlion, and by

the fame maker, as the former, which was lent me, upon

my requeft, by the right honourable james stuart

MACKENZIE, lord privy feal for Scotland; who, hav-

ing long cultivated a diitinguiilied tafte for aftronoray,

was pleafed to honour the experiment of attradlion with

every affiftance, which his intereft or recommendation

could procure. I am particularly to acknowledge the fa-

vour he conferred upon me by introducing me to the ac-

quaintance of Sir ROBERT MENZiEs, baronet, his brother-

in-law, a gentleman converfant in mathematical and phi-

lofophical learning, who honoured me with his friend-

fliip during my rehdence in the country
;
and, befides

many perfonal civilities fliewn to myfelf, rendered many
material affiilances to the main purpole of carrying on the

experiment. It is with pleafure alfo, tliat I acknowledge

•the civilities of all the neighbouring gentlemen, who
often paidme vifits on the hill, and gaveme the fulled: con-

vidtion that their country is with juitice celebrated for its

hofpitality and attention to ftrangers. I was honoured

alfo by vihts from many learned gentlemen who came

from a great diftance; particularly the lord privy feal,

Dr. WILSON, profelTor of aftronomy at Glafgow, and his

fon,
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fon, and Dr. reid, profefibr of moral philofopliy, and Mn
ANDERSONjprofeflbr of natural pliilofophy, alfoat Glas-

gow, lord poLWARTH, Mr. ramsay, profefibr of natu-

ral hiftory at Edinburgh, Mr. Commiffioner menzies of

the Cuftoms at Edinburgh, Mr. Copland and Mr. play-

fore, of the univeriity of Aberdeen, the rev. Mr. brice^

and my efteemed friend Col. roy, v/ho had been miy

companion in the journey as far as Edinburgh. So great

a noife had the attempt of this uncommon experiment

made in the country, and fo many friends did it meet
with interefted in the fuccefs of it

!

The ufe of the two theodolites at once, as mentioned

above, much forwarded the compleating of the fedtions

all the month of 06iober; Mr. menzies obferving the

bearings at one ftation with one theodolite, while Mr.

BURROW obferved the altitudes or depreffions with the

other theodolite at the other ftation; and the la-

bourer, who ufed to plant the poles in the hill, taking

only one pole with him, and fixing it up at one place to

be obfer^ved at both theodolites, and then removing it to

the next ftation for the like purpofe. Notwithftanding

which, the weather grew at length fo bad, by the early

coming in of froft and fnow in the beginning of No-
vember, when the furvey was near compleated, as to ren-

der it impoftible to do any thing more that feafon. It

became therefore neceflary to finifh this aftronomical

campaign, leaving the theodolite in the care of Mr. men-
zies, to complete what little remained to be done the

next feafon.

I have



[ 5^6 ]

I have thus defcribed the plan which was adopted for

the operations on Schehallien, and the manner in which

it was carried into execution ; it only remains to give the

refult of computations made upon thofe operations for

deducing the effe6l of the attraction of the mountain.

The oj^erations themfelves at large fhall be communi-
cated another opportunity.

I had caufed the arch of the fe6tor to be divided by

fine points, according to a new and arbitrary divifion

adapted to the method of continual bifection. One-

eighth part of the radius of the inflmment was found

by three bife6tions, and applied as a chord to the arch

from the middle on each fide, mtercepting each way
9 / //

7 9 59,917. Thefe fpaces were each divided by points

into 128 parts, by continual bife^lion; therefore one di-

/ //

vifion will contain 3 21,561854. Hence the number of

degrees and minutes anfwering to any number of divi-

fions may ealily be found. Twenty-four additional parts

were alfo fet off taken from the former, and added at the

I 28th divifion on each fide, to fill up the whole extent

of the arch, which thus confifted of 152 divilions on

each fide of the centre, anfwering to an angle of

© / //

8 30 37,4, which was therefore the greatefl angle the

inftrument was capable of meafuring. To find the value

of the parts of the micrometer in feconds, I meafured the

diftance of the points on the limb, by five at a time, by

means of the plumb-line, in parts of the micrometer.

from
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from o to 128 on each fide of the middle or point

marked o upon the arch.' By a mean of all thefe mea-
/ it

fures, one divihon of the arch or 3 21,562 came out

equal to four revolutions and 34,8272 parts of the mi-

crometer, 41 of which make one revolution; and there-

a

fore one part is equal to 1,0137 545, and 41 or one re-

volution is equal to 41,5639345. Hence the value of any

number of revolutions and parts of the micrometer may-

be eafily found. At all obfervations of the fame ftar,

whether on the North or South fide of the hill, I brought

the fame point of the arch, namely, that which agreed

neareft with the zenith diftance of the flar, under the

plumb-line, fo that the difference of the apparent zenith

diflances of the fame flar on contrary fdes of the hill is

given in parts of the micrometer, and has no reference

to the divifons of the inflrument, whether they be equal

orunequal
;
and, the parts of the micrometer fcrew being

perfe6lly equal, as I had formerly fatisfied myfelf by mea-

furing the interval of two given points on the arch with

different parts of the fcrew, that difference of apparent

zenith diflances may be perfectly relied on, as far as de-

pends upon the inflrument, provided the bife6lion of the

liar by the wire in the telefcope, and that of the point

on the arch by the plumb-line, were accurately per-

formed. As the plane of the inflrument was placed both

Eafl and Well, at both flations of the obfervatory, the

difference ofthe latitude of the two flations maybe found

VoL. LXV. 4 A as
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as well froryi the obfervations made in one pofition of the

inftmment as the other. If the inftrument had fufiered

no change by being carried over the hill, that is to fay,

if the line of collimation was not altered thereby, the re-

fults fhould come out equally true from the obfervations

taken in both portions of the inhrumcnt. On the con-

trary, if the line of collimation fliould, by any means,

have -fufFered any alteration between the obfervations

m^'^^de at the two hations, this would caufe the dilFerence

of latitude to appear too fmall, by the obfervations, made

in one polition of the inftrument, by the quantity of the

alteration, and as much too great, in the other polition

of the initrument. But ftill the mean between the two

refults, deduced from the obfervations taken in the two

different pofitions of the inlfrument, would give the true

difference of latitude ;
and that equally, whether the line

of collimation had buffered any change or not. There-

fore this will be the beft method of comparing the ob-

fervations together, and I fliall take a mean of all the re-

fults, deduced from the obfervations taken in each pofi-

tion of the inftrument feparately, and then a mean of

thole means for the true difference of latitude. By fingie

obfervations of ten Bars; viz. (3^ a, and n Cafliepese, and

h ft 39? 45? 53 Dfaconis, made on both fides

of the hill, with the plane of the fe6tor facing the Weft,

after making the proper allowance for preceliion, aber-

ration, and deviation, and femi-annual folar nutation of

the earth’s axis (fee my tables annexed to my Obferva-

tions made at the Ro} al Obfervatory), the apparent dif-

ference
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ference of latitude between the two ftatioiis of the obfer-

// // // //. // //

vatoiy, comes out 54,1, 54,7, 54,0, 55,4, 55,0, 55,0,
// // y/ //

54,0, 54,3, 53,1, refpedlively; the mean of all

//

which is 5 4, 2 ;
the greateh difference of any one refiilt

from the mean being only 2''. In like manner, by lingle

obfervations of as many ftais; viz. ^ and a, Caffiepeae;

s Urfse majoris; 39, 46, o, 49, and 53, Dfaconis; and

23 Gygni; made on both fides of the hill, with the plane

of the feftor facing the Ealf; after making all the al-

lowances as before, the apparent difference of latitude

// II u n // n //

comes out 54,5, 52,3. 5^,8, S3>S> 54>S> 57 )
2

> S6,i,
/> // //

55j 3? refpedtively
;
the mean of all which

is 55"; the greateft difference of any one refult from the

// //

mean being 2". The tvro means 54,2 and 55,0 differ

// //

only 0,8, w'hich flionld argue only an alteration of 0,4

in the line of collimation; but this is too fmall a quan-

tity to be depended on
;
aiid therefore it is mod: probable,

that the flate of the infframent remained unvaried.

Hownver, whether it did or no, the mean of the two
//

means, or 54,6, is to be efleemed the apparent difference

of latitude between the two ftations of the obfervatory,

and, when compared with the difference of latitude wdiicli

Ihould. refult from the trigonometrical meafures, wall

give the fum of the two contrary attractions of the hill.

4 A 2 It
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It muft be owned, that this point will be fettled with

rather more certainty when all the obfervations made
with the fedtor, which exceed 300, fliall have been com-
puted

;
but, as from the agreement of thefe refults toge-

ther, as well as from the fmall differences that are ufually

found in obfervations made within a few days of one

another, onemay prefume, that therefult from the whole

will not differ materially from that deduced above from

40 obfervations, I thought 1 had better take this oppor-

tunity of gratifying the impatience of the Society in pre-

fenting them with thefe my firft computations before

their fummer recefs, than delay giving them any account

at all of this experiment, till I had leifure to complete the

whole of my calculations.

I am now to fliew, what the diftance is between the

parallels of latitude palling through the two Ifations of

the obfervatory in feet, according to the trinogometrical

menfuration; and thence, what the difference of latitude

ought to have been^ if the hill had been away, or had

exerted no fenfible attradlion. This depends on the enu

meration of feveral particulars.

The length of the bafe meafured in the meadow
ofRannoch was 5897,119 feet, according to the ftate

of the brafs flandard when the thermometer was at

40°; but, to reduce it to anfwer to the ftate of the brafs

flandard in the heat of 62°, we mull fubtradl 16,721

feet; we fhould alfo fubtradl farther 0,327, for the di-

minution which the brafs flandard has fuffered by wear,

and there remains 5880,07 1 feet for the true length of

the
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the bafe iiiRaiinoch. See Phil. Tranf. vol. LVIII. p. 3 1 3-

324.and326. Hence, with the help of the angles taken

with the theodolite at the ends of the bafe in Rannoch,.

and at the Weft carn^ the horizontal diftance between

the Eaft and Weft earns comes out 4047,4 feet. Nearly

the fame refult comes out from the bafe meafured on
the South fide of the hill, though with lefs exaeftnefs %

this, when all correeftions are made, is 3011,684 feet,,

whence the diftance of the two earns fhould come out

4058 feet, or about ten feet longer than refults from the

bafe in Rannoch. But I prefer the dedudfion from the

bafe in Rannoch as moft to be depended on. Hence, by
the calculation of the two triangles formed by the two-

earns and the two Rations of the obfervatory, the diftance

between the parallels of latitude palling through the two

Rations comes out 4364,4 feet, which, according to

bouguer’s table of the length of a degree in this latitude of

5 6° 40', at the rate of 101,64 Engiifti feet to one fecond,

//

anfwers to an arc of the meridian of 42,94. The other

feries of triangles carried acrofs the hill, gives the fame
diftance of the parallels only lo feet lefs, and confe-

quently the arc of 4jie meridian only -j^th of a fecond

lefs. Thus the difference of latitude found by the aftro-

nomical obfervations, comes out greater than the differ-

ence of latitude anfwering to the diftance of the parallels,.

// //.

the former being 54,6, the latter only 42,94* The
//

difference 1 1,6 is to be attributed to the fum of the two
contrary attractions of the hill.

The
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The attradlion of the hill, computed in a rough man-
ner, on fuppolition of its denhty being equal to the mean
denlity of the earth, and the force of attracfion being in-

verfely as the fquares of the dilfances, comes out about

double this. Whence it flrould follow, that the denlity of

the hill is about half the mean denlity of the earth. But

this point cannot be properly fettled till the figure and di-

menhons of the hill have been calculated from the fur-

vey, and thence the attracflion of the hill, found from the

calculation of leveral feparate parts of it, into which it is

to be divided, which will be a work of much time and

labour; the refult of which, wall be communicated at

fome future opportunity.

Having thus come to a happy end of this experiment,

we may now conlider feveral confequences flowing from

it, tending to illuftrate fome important queflions in na-

tural philofophy.

1. It appears from this experiment, that the moun-

tain SchehalUen exerts a fenflble attraction; therefore,

from the rules of philofophifing, we are to conclude, that

every mountain, and indeed every particle of the earth,

is endued with the fame jiroperty, in proportion to its

quantity of matter.

2. The law of the variation of this force, in the in-

verfe ratio of the fquares of the diftances, as laid down by

Sir ISAAC NEWTON, is alfo confirmed by this experiment.

For, if the force of attraffion of the hill had been only to

that of the earth, as the matter in the hill to that of the

earth, and had not been greatly increafed by the near ap-^

I proach
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preach, to its centre, the attradlion thereof mnft have

been wholly infenlible. But now, by only fuppoiing the

mean deiihty of the earth to be double to that of the hillj

which feems very probable from other conliderations,

the attraction of the hill v/ill be reconciled to the gene-

ral law of the variation of attraction in the inverfe du-

plicate ratio of the diifances, as deduced by Sir Isaac

NEWTON from the comparifon of the motion of the hea-

venly bodies with the force of gravity at the furface of

the earth; and the analogy of nature will be preferved.

3. We may now, therefore, be allowed to admit this

law; and to acknowledge, that the mean denlity of the

earth is at lead: double of that at the furface, and confe-'

quently, that the denlity of the internal parts of the earth.

is much greater than near the furface. Hence alfo, the

whole quantity of matter in the earth will be at lead: as

great again as if it had been all compofed of matter of

the fame denlity with that at the furface; or will be
about four or five times as great as if it were all com-
pofed of water. The idea thus afforded us, from this

experiment, of the great denlity of the internal parts of

the earth, is totally contrary to the hypotheffs of fome

naturalifts, wdio fuppofe the earth to be only a great hol-

low fhell of matter; fupporting itfelf from the property

of an arch, with an immenfe vacuity in the midd: of it.

But, were that the cafe, the attraction of mountains, and

-even fmaller inequalities in the earth’s furface, would be

very, great, contrary to experiment, and would affeeff the

meafures
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meafures of the degrees of the meridian much more than

we find they do; and the variation of gravity in different

latitudes in going from the equator to the poles, as found

by pendulums, would not he near fo regular as it has

been found by experiment to be.

4. The denlity of the fiiperfidal parts of the earth,

being, however, fufiicient to produce fenhble deflections

in the plumb-lines of affronomical inftruments, will

thereby caufe apparent hiequalities in the menfurations

of degrees in the meridian; and therefore it becomes a

matter of great importance to chufethofe places for mea-

furing degrees, where the irregular attradfions of the ele-

vated parts may be fmall, or in fome meafure compenfate

one another ; or elfe it will be neceflary to make allov -

ance for their efiedls, which cannot but be a work of

great difficulty, and perhaps liable to great uncertainty.

After all, it is to be wiflied, that other experiments of

the like kind with this were made in various places, at-

tended with different circumftances. We feldom acquire

full fatisfadtion from a Angle experiment on any fubjedt.

Some may doubt, whether the denflty of the matter near

the furface of the earth may not be fubjedt to conAdera-

ble variation
;
though perhaps, taking large maffes toge-

ther, the denflty may be more uniform than is commonly
imagined, except in hills that have been volcanos. The
mountain Schehallien, however, bears not any appear-

ance of having ever been in that ftate
;

it being extremely

folid and denfe, and feemingly compofed of an intire

rock.
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rock. New obfervatioiis on the attra(flion of other hills,

would tend to procure us fatisfa6tion in thefe points. But

whatever experiments of this kind be made hereafter, let

it be always gratefully remembered, that the world is in-

debted for the firft fatisfadlory one to the learned zeal of

the Royal Society, fapported by the munificence of

GEORGE THE THIRD.

4 BVoL. LXV.
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Obfervations of Stars made with the zenith fe£ior on the mountain

Schehallien, for difcovering its attra6Uon.

Refult of Obfervations on the Soiith-fide of Schehallien.

Names of

the Stars.

Point or

the limb

Limb of the Seftor turned to

the Eaft.

Limb of the Sefior turned to the

V/eft.

a CafHo-

peae
24S

July 28.

S 1.35,4::

Aug. 4.

S 2.7,1

7 -

5,5

n iS
Aug. 7.

N 10,4

lO.

12,1

15 -

12,7

i? Urfaj

Major,
16N

Aug. 8.

N 2.23,1

V 31S
July 29.

N 2.16,9

Aug. 8.

N 2.5,7 :

£ 9N July 28
N 2.23,6

loS
July 28.

N 1.11,5

n iiiS
July 22.

N 19,8

28.

22,6

i Draconls 5.5N
July 26.

N 2.26,0

28.

26,0

Aug. 4.

N 2.14,0

6 4SN
July 26.

N 4,2

Aug. 4.

S 7 ,S

96N
July 25.

N 6,2

26.

5,4

Aug. 2.

S6,5
4.

5,4

0 7SS
July 21.

N 1.37,4

24.

37,0

25.

36,1

Aug. I.

N 1.27,4

2.

24,7 :

4 -

24,4

5.

26,9

6.

26,4

15.

28,7

1 4N July 20.

N 3.4,5

21.

4,3

25.

5,4

26.

6,4

Aug. I.

89,2
15 -

7,9

y 92S
July 20.

N 1.32,0:

25 -

32,3

Aug. 5.

N 1.20,7

39 1
36N July 24.

N 19,1

26.

^ 9,5

29.

19,8

Aug. I.

N 7,9

4 -

11,3 1

15.

II,

I
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Relult of Obfervations 011 the Soutk-fide of Schehallien.

Names of

the Stars.

Point on
the limb.

Limb of the Seftor turned to

the Eaft.
.. .

Limb of the Senior turned to the

Weft.

45 Draco-
nis.

4N July 21.

N 1,0

29.

2,8

Aug. I.

§ 9,4

4 -

II,

a

15-

5,6

46 24S July 24.

N 23,9

26.

24,7

Aug. 4.

N 13,6

lO.

16,4:

15 -

16,6

0 44N July 21.

84,2
25 *

2,7

26.

2,2

28.
•

2,0

29.

1,0

Aug. I.

8 12,7
4 -

12,4

48 15N

1

Aug. 1

1

N 2.5,1

15-

6,0
i

49 24S July 29.

N 2.28,0

Aug. I.

N 2. 16,4

4 *

17,6

53 3S July 26.

S 22,2

28.

21,

S

Aug. I.

832,0
4 -

31,5

15 -

28,4

54 12N July 29.

S 18,4

Aug. 15.

§ 25,5
i

K Cygni 66S July 21.

S 0,1

26.

N 0,3

\

i

t 97S July 2-1.

N 2.36,0

28.

35,0

29.

35,8

31-

3^»5

Aug. I.

N 2.23,5

4 -

22,8
i

[

9 124S July 26.

S 19,6

SI-

17,

5

Aug. I.

§ 3L4

r

1

23 5N July 24.

N8,5
29.

8,7

31 -

1 1,0

Aug. I.

82,7
4 -

2,4
7 -

hS
15-

Ni,i

,

33 14S Jialy 24.

N 1.0,2

26.

0,5

29.

1,3

31-

3 >i

Aug. I.

Nso,4

4 -

30,7
7 -

31,6

IS-

34,9

t) Cephei 77N July 23.

S 5>5

26.

2,4

29.

1,2 1,6

Aug. I.

8 12,5

4-

1 1,2
7 -

10,5

10.

9,8

IS-

7,5

tc 89N July 23.

825,0

26.

22,0

28.

20,8

29.

21,0

31*

20,0

Aug. I.

§ 33,9

4 -

32,8
7 -

32,8

10.

31,7.

15 -

28,5

. w Cygni I i6S
July 29.

N 12,8

Aug. 7.

0,0

:

10.

Ni,9
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Uelult of Obfervations on the South-licle of Schehallien.

Names of

the Stars.

Point on

the limb.

Limb of the Seftor turned to

the Eall.

Limb of the Seftor turned to the

Weft.

roCephei 61N
Aug. 4.

N 28,8

12 44N
Aug. 12.

N 21,9

13. 20S
July 26.

N 34,0

29.

34,2

Aug. 7.

N 24,7 ;

10.

27,1

IS-

28,3

14 4N
July 26.

N 2.38,5

Aug. 4.

N 2.27,7

10

31,5

IS - 37N
Aug. 12.

S 24,3

21 ^ 8N July 29.

S 1.4,7

31-

2,9

Aug. 4.

S I 14,6

10.

11,5

IS

11,0

13S
July 23.

S 27,8

26.

26,7

Aug. 4.

S 36,0

10.

33,8

27 J iiN July 26.

S 37 >o

30-

36,9

Aug. 4.

S 1.6,7

7 -

6,7
9 -

6,0

10.

5,5

IS-

3,3

149N
Aug. 9.

N 1.3,5

I Caflio-

peae
27N July 29.

N 2.29,9

31-

30,3

Aug. 4.

N 2.20,7

IS-

22,9

.

2' 26N July 31.

S 13,0

Aug. 4.

S 24,9
9 -

23,5

IS-

21,4

5 ^ 13N
Aug. 10.

N 16,2

IS-

17,5

7 ? 8S
Aug. 10.

S 2.14,4

IS-

13,6

22N July 26.

N 39,2

Aug. 4.

N 29,0
7 *

29,5

IS-

31,9
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Reiultof Obfervations on the ISiorth-fide ot Schehallien.

Names of

the Stars.

Point on

thelimb.

Limb of the Se£for turned

to the Weft.

Limb of the Sector turned to the

Eaft.

a. Caflio-

pe$.
24S

Sept. 8.

S 3.9,0

15 *

7,4
i

Oft. 2.

82.27,5:
3 *

25,3

5 -

26,8

24.

22,3

iS
Sept. 7.

833^8

8.

33,5

19.

3°,

3

Oft. 2.

s 13,4
3 -

1 1,8

9-

1 1,0

24.

7,2

|3 Urla;

Major.
16N

Oft. 6.

N 1.3,0

7 31S
Oft. 14.

N 29,0

15-

25,5

18.

26,5

22.

26,4

£ 9N
Oft. 3.

N 35,5

4.

35,6

15.

30,0

17-

33,1

loS
Sept. I 5.

S24,2
Oft. 16.

S 19,6

22.

22,0

*1 1 1 iS
Oft. 17.

S 1.6,3

18.

6,6

22.

6,9

1 Draconis 55N
Sept. 20,

N 37,6

Oft. 17.

N 1.6,1

22.

1,4

0 45N
Oft. 17.

s 1.13,7

23-

16,4

yi 96N
Sept. 7.

S 1.18,0

20.

19,4

Oft. 23.

S 1.12,3

(3 75S
Sept. 7.

N 17,3

IS-

17,5

Oft. 7.

N 28,8

17.

27,2

23-

26,1

1 4N
Sept. 15.

N 1.29,5

Oft. 23.

N 1.39,9

7 92S
Sept. 18.

N 13,6

20i

13,4

39 36N
Sept. 7 *

836,8
20.

38,9

Oft. 3.

s 25,4

17-

26,5

45 4N Sept. 7.

S 1. 14,0

Oft. 17.

S i.i,i

23 -

2,0
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IRefult ot Obfervatioiis on the North-iicle of Schehallien.

_
1

Names of

the Stars.
,

1

Point on
the limb.

Limb of the Se£lor turued

to the Weft.
Limb of the Seftor turned to the

Eaft.

46 Draco-
nis.

24S
Sepf 7.

S 335°

oa. 3. 1 17.
I

S 20,9
j

18,7
1

23-

19,4

0 44N
Sept. 18.

S 1.16,5

oa. 3.

S 1.4,8

18.

3,3

22.

3,6

49 24S
Sept. 20

N I 12,2

oa. 3.

M 1.25,5

22.

26,5;

23-

26,3

53 3S
Sept. 7.

S 1.35,0

oa. 3.

S 1.21,6

17 -

20,6

;

54
1

12N
oa. 17.

s 1.17,5

22.

18,0
^

Cygni 66S
oa. 18.

S 40,0

97S
Sept. 7.

N 1.20,0
i

i8.

20,7

20

20,5

oa. 3.

N 1.36,0

15.
j

18.

35,9
|

3^7

6 124S
Sept. 7.

S 1.34,6

20

33^7

oa. 6.

S 1.17,0;

22.

17,6 ;

23 5N
Sept. 7.

s 1.5,9

18.

3,9

20.

3,0

oa. 3.

S 29,3

15-

28,3

18.

28,6

33 14S
Sept. 7.

s 13,1

18.

10,3

20.

10,8

oa. 3.

N 4,0

6.

5,8
7 -

5,8

ij Cephei 77N
Sept. 7.

S 1.12,5

8.

13,1

18.

9,3

20.

10,6

oa. 3.

s 36,9

6.

35,1
7 -

35,9

06 89N
Sept. 7.

S 1.33,6

8.

35,0

20.

3 L9

oa. 3.

s 1.13,5

6.

12,0
23-

9,7

7T Cygni 1 16S
Sept. 7.

S 1.1,1

8.

1,4

oa. 6.

S 21,5
9 -

21,4

lO Cepliei 61N
Sept. 20.

S 10,0

13 20S
Sept. 7.

S i 7>i

18.

. 14,9.

oa. 3.

Ni,5
7 -

L 7

9 -

3,5
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Refult of Obiervations 011 the North-fide of Schehallien.

Names of

the Stars

Point on
the limb.

Limb of the Seftor turned

to the Weft.

Limb of the Se£lor turned to the

Eaft.

14 Cephei 4N
oa. 9.

N 2.9,8

21 ^ 8N
Sept. 7,

S 2.16,0

18. 20.

11,2:

oa. 3.

S 1.35.6

6.

35,3

9 -

33,5

e

Sept. 7.

S 1.38,0

8.

37,3

oa. 3.

s 1.17,5
9 -

15.0

23 -

13,3

27 ^ iiN
Sept. 8.

S 2.8,0

oa. 3.

S 1.30,6

6.

26,5
9 -

25,5

22.

22,6
23

22,6

24.

23,4

149N
Sept 8.

N 1,7

15-

3,8

I Caffio-

peje.
27N

Sept. 7.

N 1.17,4

13-

21,2

15-

20,4

oa. 3.

N 1.39,0

6.

39,9:
9 -

2.0,0

2 26N
Sept. 7.

S 1.27,0

8.

26,0 23,5

oa. 3.

s 1.4,5

6.

5,4
9 -

3,9

5 13N
Sept. 7.

S 29,4

8.

28,1 26,4

oa. 2.

S7,8
3 -

7,8
9 -

5,1

7 ? 8S
Sept. 7.

S 3.18,7

8.

1 8,5

15-

18,3

oa. 3.

N 1.38,0

6.

36,0
9 *

40,5

24
2.4,6

0 22N
Sept. 7.

S 14,0

8.

13,6

13-

11,7

15 -

11,7
1

oa. 3.

1
N6,9

6.

, 7,9

9 -

8,9

N. B. The figures fet down under the days of the

month are the revolutions and parts of the micrometerj

by which the flar is North or South of the divifion flrewn

in the fecond column. The revolution, though not re-

peated, is fuppofed to continue the fame as in the firft

oh-
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oLfervation of the ftar, One part of the micrometer

//

is =1,0137545, and one revolution or 41 parts is

= 41,56393. 128 divifions of the arc have the chord

= -lth of the radius.
o %
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PRESENTS
MADE TO THE

ROYAL SOCIETY
In the YEAR 1774;

WITH

The NAMES of the DONORS.
Donors.

Omitted, 1774.

Due de Cfoy.’

Nov, 10, Mr. Hope of Amflerdam,

'R. Ac, of Sciences Paris.

Abbe Rozier,

John Strange, Efq. F. R, S.

Prefents.

M, de Vaugondy’s Map of the Southern

Hemlfphere,

Tranfadlions of the Harelem Academy of

Sciences, 14 vol. 8*

-Memoires for the Years 1760 and 1771,

2 vol. 8*

Journal, &c. Phyfique, for May, June, Julj^

1774, 4»

Zanetti Statue d’Afclepiade d’Abano. ‘ 4*

» ' ' Difcorli Epiftolari fopra i fijochi di Loria. 4*

Coll. Phyf. Edinburgh. Pharmacopoeia, 1774. i*

The Hon. C. J. Phipps, now A Voyage towards the North Pole, in 1775.

Lord Mulgrave, F.R.S. 4»

Samuel Horlley, LL.D. Sec, R, S, Remarks on the Obfervations made in a late

Voyage towards the North Pole. 4*

J. B. Cafp. d’Anfi de Villoifon. Apollonii Sophiftae Lexicon Homericum,

2 vol. 4°

W. Gerard de Brahm, The levelling Balance and Counter-balance;,

fol.

M. I’Abbe Marie. Traite de Mechanique, 1774. 4°

17. Samuel Wegg, Efq. V. P. R. S. Three rare Birds, fome Fungus and Moli

from Hudfon’s Bay, with fome Account of

them by Humphry Martin, Refident there.

Vot, LXV» 4 C Donors,
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J 7 74-

Dec.

15-

Donors.

WilliaiT\ Hwater, M. Dt F. R. S.

M. Portal.

M. Sanchez, M. D,

Leonard Euleri.

M. Necker.

Prefents,

Anatomy of the.human gravid Uterus, 1774.

Atl.

Rapport fur la mort du Sleur le Maire, &c.

par la vapeur du Charbon. 8*

Examen fur rapparition de MaladieVeneriennc

en Europe. 8*

Nbvffi Tabuke Lunares. Petrop. 8*

Methodus Mufcorum, per clafles, &c. 8*

Phyfiologla Mufcorum per examen analyti-

cum. 8*

A Snake-llone from Spain...

ConnoilTance des temps, pour 177^. 8*

Richard Twifs, Efq. F. R. S.

X2. R. Ac. Sciences Paris..

Ow. Salulb. Brereton, Efq.F.R.S. , A Zoophyte, found in the Sea near Scarbo-

rough.

Alexander Hunter, M. D. F.R. S,

M. Aublet.

Hudfon’s Bay Committee,

’775-

Jan. JZ. Matthew Raper, Efq.F.R.S.

Molineux Shuldham, Efq,

Capt. Furneaux.

.

Jan.- 19. Pledro Garanta.

M. de Horne.

An engraving of an ancient Gold Ring.

Two new Plates, with their drawings andde-

feriptions in Latin and French.

Several dried Animals from Hudfon’s Bay.

A piece of a Tree, Eight Inches diameter,

cut down by the Beavers near Hudfon’s

Bay.

Dr. Bradley’s Quadrant Obfervatlons, MS.

fol. .

Dr. Bradley’s Tranfit Obfervatlons, MS.- foU

Thefe are copies by the late Gael Morris,

An uncommon fifh falted, with a drawing of;

it.

A Sea-cow’s Head, and Two Foetus’ of that-

Animal,- In Spirits.

Several Caperlines, the. Bait for Cod, in Spi-

rits.

A large Loon diver dried.

A mufical Inftrument from, the Ifland of

Amlierdam in the South Seas.

A new colouring Subftance, from ditto. -

A Print of Don G. Juan, F. R. S.

Expofition des difterens Methodes d’adminif-

trer le Mercure, ,&c. 8*

MS. DilTertation on the Infufficiency of the

Signs from Urine.

Donor?.
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X77^• Donors,

M. de Home.

46. Alex. Daltymple, Ef^, F. R. S,

Peter Mailman,

Feb, 2. John Hunter, F. R. S.

9. Thomas Henry, F. R. S,

16. Society of Antiquaries*

23. J. B. B. Groflen,

Thomas Tyrwhitt, Efq. F. R, S.

March 2, Samuel Vernon*

g. John Ellis, Efq. F. R. S,

M. de Vaugondy.

16. Sir John Pringle, Bart. P. R. S.

23, Samuel Foart Simmon?.

Mr. Hope of Amfterdam,

Apr. 6. Richard Twifs, Efq. F. R. S.,

2j. Commiflioners of Longitude.

The Editor.

Edward Jacob,

M. Gibelin, D. M,'

J. Muller.

May 4 . P. G. F. Fontana*

Prefenti,

MS. Obferratloni on a Uterus without a,

Cavity.

Plan* of Ports in the Ball; Indies, N® III and

IV, fol.

A new and complete Hlflory of Eflex, in

6 vqIs. 8*

A Preparation of the Gymnotus, or Eleftricai

Eel, in Spirits.

Experiments and Obfervations on Sir Sub*

jefts, Medicinal, Bcq, g«

A Print of an ancient Pifture in Windfoc

Caflle.

An HIdorical Defcriptlon of the Print, by

Sir Jofeph Ayloffe, Bart. F. R. A. S. 4*

Recueil des Antiquites et Monumens Mar-

feillois. 4*

The Canterbury Tales of Chaucer, with an

Effay, Notes, &c. 4 vols. 8*

Meteorological Obfervations, made at Mld-

dlewich in Chefliire, MS. from 1768 t»

1771, inclulive.

A Defcriptlon of the Mangoitan and of the

Bread Fruit 4*

Memoire fur les pays de I’Afie etdel’Ame-

reque au.N^S. S. 4*

A Sepia, or Ink Fifli, preferved In Spirits.

Element of Anatomy and the Animal Oeco-

nomy. 8*

Memoires of the Society of Sciences ofHaer-

lem, vol. XV. 8*

Travels to Portugal and Spain. 4*

The Nautical Almanack for 1776. 8*

The Probability of reaching the North Pole

difculTed. 4™

The Hiftory of the Town and Port of Fe»

veriham In Kent. 8®

Experiences et Obfervations fur dlffereirtee

efpeces d’Air. 8“

Botanical Prints, N° II. fol.

Dellc altezze Barometrichc fagglo Analitico.

4
*

4 Cs Dbnors.

I
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1^75* ®o>^ors.

i 3 , John Ellis, Efq. F..R. S«

Peter Chefter.

Univerfity of Gottingen.

John Hunter, F. R. S,

2^. R. Lowth, Bp. of Oxford, F

June I. L. Vlfc, Mahon, F. R. S.

15. Abrah. D’Aubant,

Count de Salis, F. R. S.

29. W. Bowyer and J. Nichols.

Dionis du Sejour, F. R. S.

John Wynn Baker.

July 6. R. Acad. Stockholm^

John Harrifon, F. R. S»

M. Meffier, F. R. S.

J. H, de Magclkn, F. R. S.

Prints.

The Fruit and Bloflbnxs of the Theobroma

Cacao, in Two Jars of Spirits.

Some Slices of Jalap from Florida,

Tobiae Mayeri, Opera inedita. fol.

A nice of the Gymnotus Eledricus, in a Jar

of Spirits.

,R,S. Dc facra Poeh Hebraeorum, Edit..tertla. 8*

Confiderations refpeding Gold Cmn. 4*

The Works of William Thomas^ Clerk of

the Privy Council 1^49. 8“

La facra Biblia, in Lingua Romanfcha. fol.

Remarks on a late DilTertatibn on the Greek

and Roman Money. 4®

Lud. Kufterus De vero ufu verborum me-

diorum. 8®

Occafional Difcourfes in the Royal Navy, in

1756, 5^7, and 59. 8®

Seled Dlfcoliifes on the Hebrew Months,

Sabbatical Year, See.

ElTai fur les Cometes en general, See.

Experiments in Agriculture in 1772 and

i77> 8®

De Geer. Memoire pour PHiftoire dcs In-

feds,^ tom. IV. 4®

Nova Ada Regia Societatis Sclentianinx Up-

falienfis. - 4*

Swedlfti Ads, Two Numbers for 1773, and

Two Numbers for 1774. 8®

On Clock-work and Mufic,^ ^'7^75 • 8®

Inflrudions fur les Maladies que detruit le

BetaiL . 4,“

Obfervations Meteorologiques ialtes,« Pekin,

par P. Amiat. 4?

Defcriptlen des Odanta et Sextants Anglois.

ER>!



ERRATA^
Page Line

121. 3. from the bottom, /or 280° 270*

251.. 2. for has read have

262. 22. for grafs and flies read gnats

267. 2. for caves read^?LVts

12. for when fhe ftretches read and flretchcs

328. 14. dele and

341. I. from the bottom, yor fuffiicient fufficient

464, 19. for iuconvenience read inconvenience

AN
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I N
A N

D E X
TO THE

SIXTY-FIFTH VOLUME
OF THE

PHILOSOPHICAL TRANSACTIONS.

A.

A B A "N Oi an extraordinary animal in the waters of, p. 4^, 46. Heat of the baths

there, ibid.

Afyjjinla, obfervationfr made there upon myrrh, in the year 1771, p. 408. Seeil^rr^.

Acephalous birth, an account of an extraordinary one, p. 311. Birth.

Add, mineral, a new one produced from phofphoric fpar, p. 394.

AUtna, conjedlures concerning, p.^ 29.

Ackworth, in the county of York, average of deaths there for ten years, p. 428. Chrif-

tenlngs and burials for twenty years, p. 443, 444.

Air, fixed, apparatus for impregnating w^ater with, defcription of one, p. 59. Sec

Water.’ ~ Air, an account of further difcoveries In^ p. 384. The vitriolic acid, the

nitrous acid, and the vegetable acid air, difcovered, p. 385. Vitriolic acid air how

produced, ibid. Vegetable acid air how- produced, p. 386. No fluid capable of con-

fining nitrous acid air, ibid. Kinds of air formed by the nitrous acid more numerous

than all the kinds that can be formed by the other acids, ibid. How produced, p, 386,

387. Various metals yield inflammable air by the foregoing procefs,-p. 387. Air,

five or fix times, better- than,common air, p. 387-1—389. How produced, ,p. 387.

Conjeifture that the nitrous acid is the bafis ofcommon air, p. 389. 394. Pure air pro-

cured from a variety of materials, p. 390. Fixed air a modification ot the nitrous

acid, ibid. A pure dephlogifikaied air may be procured from earths of all denomina-

tions, p. 392. Obfervations oaair, p. 392. 393. Air produced from ore of lead and

fpiritof nitre, p. 393.

:Allahabad^.
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Allahabad^ ill the Eaft Indies, an account of fome thermometrlcal ohfervations made-

there, in lat. 25° 30' N. during the year-1767, and aha during a voyage from fila«

drafs to England in the year 1774, p. 202.——Natural ice feldom feen there, p. 252.

Altar, Prognortics derived from the bright Star, 182.

' Amputation above the knee, remarks and confiderations relative to the performance of it

by the lingle circular incifion, p. 373. The manner of operation, p. 373—375. Re-

marks on amputation, and the fingle incifion recommended, p. 375—377.

ifle of, in the South Seas, account of a mufical inllrument brought from

thence, p. 67. See Mujical Injlrument, Remarks on a larger fyftem of reed pipes

from thence, with obfervations on thenofe flute of Otaheite, p. 72. Experiments

on a new colouring fubftance from thence, p. 91. Colouring Suhjlance%

Andes. See Volcanos.

Anemonies. See Sea-Ancmonles,

Aneuryjms in the thigh, concerning, p, 378—380.

Animals and vegetables, experiments on, with regard to the power of producing heat,

p. 446. See Heat. Animals, their power of generating cold, p. 112, «. 121. Their

power limited, p. 121. Animals mufl be deprived of life before they can be frozen,

p. 4p. On what their power of producing heat depends, p. 453, 4^7. Animals,

imperfeft, allow of a confiderable variation in their internal temperature, ibid. Tor-

pidity of animals in winter, accounted for, ibid. Animals and vegetables, in what

they differ, p. 456.

Animals influenced by the approaching changes of weather, p. 246. v

Aratus^ the concluding lines of his AKxrtif^etx, p. 186. He derives prognoftics from the

pofition of the moon’s horns, p. 182,

Arqua, beautiful marble found near Arqua, p. 35. Relicks of Petrarch and Laura, ibid.

Af toy Femoral, a divifion of it into two trunks, p. 378. Experiments upon « Dog,

p. 380—383.

AJironomical Ohfervations, See Leicefer, Occultations^ ScloehaUicn,

Attradiion, a propofal for meafuring that of fome hill in this kingdom, by aftronomical

obfervations, p. 495. An attempt of this ki-nd on the mountain Chbnbora9o, p. 496,

-497. Why the obfervations were Infufficlent to prove the reality of an attradlion,

p. 497. Attempts to find convenient places in this kingdom for the trying fuch a cu-

rious experiment, p. 498, 499. Account of fome obfervations made on tht

mountain Schehallien, for finding its attraiflon, p. 500. See Schehallien.

-Auvergne, in France, remarkable for bafaltinc hills, p. g— ii, 14*^ 16. ig. 2i, A city

there built on a giants caufeway, p. 15, 16.

B.

ddan'k'Martin, account of the, p. 272. Ste Sand Martin,

Sarier, Sir Robert, his account of fome thermometrical obfervations made at Allahabad

in the -Eaft Indies, in lat, 25° 36' N. during the year 1767, and alfo during a voyage

5 4ro»
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from Madrafs to England, in the year 1774, p. 202. See Allahahad. 'ACCQMnt

of the procefs of making ice in the Eaft Indies, p. 252. See Icr.

Barker^ Mr. Thomas, his extract of a regifter of the barometer, thermometer, and rain,

at Lyndon, In Rutland, for the year 1774, p. 199. London,

Barmneter, date of it at London, throughout the y^ear 1774, p 140— 164. Influence

ol the winds upon, p. 17^. State of it at Briliol lor the year 1774, p 194

At Lyndon in Rutland, p. 199. AtChiflehurd in Kent, p. 294.—Sea anemonies

commended to form one, p. 240, 245, 246.

Bafaltei. Two Balaltine Hills in the Venetian Stare, p. 6. Rojfo Biavolo. Their

columns, the corncus ayfiaUlfatus prlpnaticus latcrihui inordinatls Walhril, p. 7. Deferip-

tion of the columns, ibid. The hexagonal form chiefly’ prevails in columns of bafalres,

p. 10. Bafaltine groups generally have an affinity with the mafs of the Hill to which

they belong, p. 10. Bafaltine columns of Monte Rofi'o bedded in a mafs of Granite,

p. 10. Bafaltine columns obferved near Auvergne, le Mont d’Or, and St. Alcon, ibid.

Columns of Monte Rolfo and San Giovanni preferve a pofltion nearly parallel, p. 1 1.

The like parallelifm obferved in other groups, p. 19. Varieties of pofltion generally

obfervable in the different groups of the fame hill, p. 11. The horizontal pofltion not

excluded, p. 12. Remarks on the bafaltes of Auvergne and Velay, p. 13— 16. Bafal-

tine columns contained in the Welfli Mountains, p. 16. Of the origin of bafaltine

columns, p. 17— 46. Not produced by depofition from an aqueous fluid, p. 17. Not

parafitical bodies, p. 18. Form regular flrata, p. ii, 12. 19. Arguments of their

igneous origin, p. 420. No inftance of a Crater \n any bafaltine hill, p. 21. Bafal-

tine columns near Gamhellara, p, 44. Near Mafon, ibid. Near San Giovanni Illa-

rione, ibid. The Bafaltine columns of il Saflo di fan Biaflo, p. 419. Bafaltes en

tables, p. 421.

Bats, frequently found in a ftate of torpidity, p. 346.

Bean, experiments on its power of generating heat, p. 450—452.

Bees, heat of a fwarin, p. 122.

Bengal, general ftate of the weather there, p. 205. Rains caufe great floods there, p. 206.

Waters become putrid, and bring on the puckerfever, ibid.

Bitch, experiments on one, in an heated room, p. 489.

Birds, feveral proofs of their torpidity, p. 348

—

Birth, acephalous, an account of an extraordinary one, p. 3 1 1. Anatomical defcripllon

of It, p. 313—31^. Obfervations thereon, p. 316—321.

Black, Dr. Jofeph, his experiments afcertalning thefuppofed effcdl: of boiling upon water,

in difpofing it to freeze more readily, p. 124. See Water,

Black Martin, account of the, p. 264. See Svjifi.

Blagden, Dr. Charles, his experiments and obfervations in an heated room, p. ni. 484.

Body, animal, has a power of deftroying heat, p. 117— 121.

Boiling difpofes water to freeze, p. 124. 253. 255. Conjedure concerning the

caufe, p. 127.

Von. LXV. 4D Bolca^
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Bolca^ a follll fidi quarry there, pr 25.

Brain, children born with little or none, have the capfulne renales very much diminlflied,

p. 315. ». An inftance againft the common perfiiafiou that brainlcfs children are

remarkably briik before they are born, p. 317.

Brijlol, extraft of a meteorological journal kept th6re, for the year 1774, p. 194, Sec

Meteorological Journal.

Beo^imjide, in Derbyfhire, number of its inhabitants in the year 1773, p. 326.

Mr. James, his obfervations upon myrrh, made in Abyffinia, p. 408. See

Buccinum, a fpecies of, an extraordinary animal in the waters of Abano, p, 45, 46. Van*

delli’s figure of this animal, inaccurate, p. 46.

Bugfvoorth, in Derbyfhire, number of its inhabitants in the year 1773, p. 326.

Bujhel. See Weights and Meafures.

C.

Cadcr Idris, a mountain in Wales, prifmatic bafaltine columns on the top of, p. 47.

Calcutta, in the Eaft Indies, natural ice never difeovered there, p. 252.

Cancer, PrognofticB derived from ftars in that conftellation, p. 182.

Capfula renales, very fmall in children born with little brain, p. 31^. «.

Carp, experiments on their power of refilling external cold, p. 122. 447.

Caucalis of the ancients, what, p. 41 1.

Chejler, obfervations on its bill of mortality for the year 1773, p. 85. Healthy to a re-

markable degree, ibid. Uncommon inflances of longevity there, ibid. Women live

longer than men, p. 86. No epidemic in it this year, ibid. Remarks on inoculation

and the fmall pox, p. 87. Between the ages of 1 5 and 50, more died of confumptions

than of all other difeafes, ibid. Deaths, ages, and conditions, p. 88. Difeafes of

different ages, p. 89. Difeafes of different months, p.90. General bill of marriages,

baptifms, and burials, ibid.

Children, great towns fatal to, p. 324*

Chillac, town of, in Upper Auvergne, built on a giants caufeway, p. 16.

1 Chimborazo, the mountain, an attempt to meafure its attradion by affronomical obferva*

tions, p. 496, 497,

Chitdey, in Derbyfhire, number of its inhabitants in the year 1773, p. 326.

•^Chovohesit, in Lancafhire, furvey of its inhabitants in the year 4773, with the flate of

births and deaths, p. 431, 432,
'

iChiflehurJl, in Kent, ftate of the thermometer there for the year 1.774, P* 294»

Circular Arc, time of defeent in, p. 287, 288.

Clock, obfervations on the going of one, p. 290*

Cockey Moor^ In Lancafhire, furvey of its inhabitants in the year 1773, with the ftate of

births' and deaths, p. 431, «.

Cold, animals capable of generating, ps iia, «. of refilling it, p, 446. See Heat.

iCelouring Subjlanci, from the ifland of Amfterdam, fin the South Seas, p. 91. Of a light

‘bright ©range eolourj ibid. Oives a yellow ftain to the Ikin not teadily walked out

with
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with foap and w^ter, ibid. Experiments made thereon, p. 91—93. Only of ufe in

dying filk and wool, p. 93. No colours dye fo fpeedlly, and few go farther, ibid.

Of the relinous kind, and of affinity with annotta, ibid.

Concretions, vulcanic, difeovered in the Venetian State in Italy, p. 5. Stt Bafaltes.

Conjldlations, influences aferibed to them by the ancients, p. 184. Whence the opinion

of their influence arofe, ibid. Why it does not now prevail equally with the opinion

of the moon’s influence, ibid.

Cooper, Dr. W. his account of an extraordinaiy acephalous birth, p. 311. Birth,

Cornijh, Mr. James, his account of the torpidity of fwallows and martins, p. 343—352.

See Torpidity.

CoJJivo, vulcanic hills in the neighbourhoood of, p. 34.

Crater. No infiance of a Crater in any bafaltine bill, p. 2r.

Curve. Elafiic curve, and Curve of Equable recefs, both confiru\fi:ed by the rediifica*

tion of the Ellipfis, p. 289.

D.

Barvoen, in Lancafliire, furvey of its inhabitants in the year 1773, with the ftate of births

and deaths, p. 431, n.

Deaths, proportion of to marriages in different places and at different periods, p. 328, 329.

See Life,

Derham, Mr. his calculation of the proportion of male to female births, p. 332. 434.

His calculation confirmed, p. 333. 4.3^.

Diavolo, il monte del, a bafaltine hill in the Venetian State, p. 6. A topogra-

phical view of it. Tab. 2. Situation of this caufew'ay, p. 24. The bafaltine co-

lumns of il monte del Diavolo, bedded in vulcanic fand, p. 1 2. See Bafaltes, Hills

Vukanie.

Diequemare, Abbe, his fecond effay on the natural hifiory of the fea anemonies, p. 207.

See Sea Anemonies.

Dipping-Needle, defeription of a new one, p. 79. Dipping-needles ill calculated, and a

new one contrived, p. 80. Delcrlption of it, p. 80, 8r. Its ufe and management, p. 81,

82. Dipping-needles, to be of ufe at fea, how to be placed, p. 82. Method of fettlng

them at fea inaccurate and untrue, p. 82, 83. A confiant power in this infirumentof

fetting itfelf in the proper polition, of keeping in it, or of refioring itfelf to it in cafe

it has loft it, p. 83. By its double motion, counterafts the rolling of the veffel, ibid.

Method of examining the obfervations, ibid. A fmall difference occafioned by it,

p. 84. Queries concerning this variation, ibid. -— Dipping-needle, experiments

on the, p. 129. Obfervations at Stromnefs, in the ifles of Orkney, p. 130, 13 1. In

Hudfon’s bay, p. 132— 136.

Dolfon, Dr. his experiments in an heated room, p. 463.

Dormice, frequently found in afiate of torpidity, p. 346. Experiments on their power

of reflfting external cold, p. 448, 449.

Dqfi4 D 2
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E.

Eajl Indies, the procefs of making ice there, I52. See Ice.

Edinburgh and London, a comparlfon of the heat of, 459. See Heat. Comparative heat

of Blofcow and Edinburgh, p. ^^60.

Eel, electrical, an account of one, ic2. Experiments and obfervations on one, 94. Sco

Gjmnotus EleBricus.

ElcHricity, a (hock of, cannot be communicated by a chain, or where there is the lead in-

terruption of continuity, p. 3, «.—To kill a whole plant by, 456, n.

E’vaporation, a powerful] frigorific caufe, but not fuppofed fufficient to keep the living

body cool in air heated to a very great degree, p. 492.

Euganean hills, chiefly formed of granitello, p. 9. Their fituation, extent, and external

charafters, p. 33—36. Few of them conlifl of common lava, p. 35. Particular de-

feriptions of fome few which do, p. 38—41. An account of a curious giants caufe-

way newly difeovered there, 418. Stte. Bafaltes.

Experiments and obfervations In an heated room, iii. 463. 484. See Room.

Experiments on a new colouring fubftance from the ifland of Amfterdam in (he South

Seas, 91. See Colouring Suhjlance. On the fuppofed effedl of boiling upon

water, in difpofing it to freeze more readily, 124. See Water.—On the Dipping-

needle, 1 29. See Dipping-Eeedk.—On animal and vegetables, with refpedt to the power

of producing heat, 446. See Heat.

Experiments, with the ore of lead and fpirlt of nitre, 393. In an heated room, 463.

Electrical, with the gymnotus eleClricus, 96—101. 107, 108. On a mufical inflru-

ment brought from the ifle ofAmfterdam, in the South Seas, 67. Aftronomical, 509, &.c,

- On fea anemonies, 207, Src. On the torpedo, .1

.

it .

F.

Farr, Dr. Samuel, his extraCt of a meteorological journal for the year 1774, kept at

Briftol, p. 1 94. See Meteorological Journal.

Fan. See Weights and Meafures.

’ and males, number born at diiferent places and at different periods, 333. 435,

Females more than males baptised, at St. Stephen’s Briftol, for 20 years, 332. Fewer

born than males, 435. More living than males, 335, 43^, 436. Longer-lived than

males, 436.

Fever. Pucker fever. See Bengal.

Fir, Scotch, experiments on its power of generating heat, 431,452.

Fire, its operation on lapideous folids, p. 26.

* Fijls, killed by an eleCtrical fluid from the gymnotus eleClricus, g6, 97, 98.

Flute, nofe, of Otaheite, p. 72. Remarks on the founds produced by it, p. 7-2—74. Sounds

noted to confort pitch, p. 72, 73. Capable of feveral different mebdies, thougli

4:hiefly inelanchblyj p. 73.

Fojjn-
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F^UFiJJ}, quarry near Bolca, p. 52.

Freezing of water hailened by previous boiling. See IFaicr.

Frog, experiments on the variations of its Internal temperature, p. 45 j.

Frofi. Frofty days at London in the year 1774, p. 173.

Fruits, feveral kinds, which generally come to maturity neaf London, never ripen in the

neighbourhood ofEdinburgh, p. 456. Why, p. 460.

G.
Gallon. See Weights and Meafures,

Ganges, feafon and fuppofed caufe of the River’s fwelling, 206.

Garden, Dr. Alexander, his account of the gyrnnotus eledlricus, or eleftrical eel, p. 102,

See Gymnotus EleSlricv.s,

Giants caufeways, an account of two difeovered in the Venetian State in Italy, p. 5,

See Bafaltes, Rojfo, Giants caufeway in Ireland, its columns approach a

circular form, p. 7. Their width, ibid. The principal aggregate perpendicular to

the horizon, ibid.' Giants caufeway, or group of angular columns, an account of

a curious one newly difcovered In the Euganean Hills, near Padua in Italy, p. 418.

Situated at Cartel Nuovo, on the rock II Sajfo di San Biajto, S. W. of Monte Rortb,

ibid. The columns and rock compofed of a fort of grey granite, common to the

Euganean hills, p. 41-9. Obfervatlons on columnar cryftallizations, p. 419. 423.

Glafs, foffil, found near Monte Nuovo, and in the Volcanos of the Andes, p. 40.

Gooch, Mr. Benjamin, his remarks and confiderations relative to the performance of am-

putation above the knee, by the lingle circular incifion, p. 273. See Am^utation.—^

On aneuryfms in the thigh, p. 378. See Aneuryfms.

Granite, in many places intermixed with bafaltine and other vulcanic hills, p. 14.

None found in the vulcanic hills of the VIcentine and Veronefe dirtridl:, p. 23.

Analogy between Granites and Vulcanic concretions, p. 41. Parallel rtrata of Granite

near the top of St. Gothard, p. 422.

Granitello, an inferior kind of Granite, which abounds in fome parts of France and

Italy, p. 9. The bulk of the Euganean hills principally confirts of it, ibid. The

Granitello of Monte Rortb contains common lava, p. 36. Orbicular and laminated

form of the Granitello of the Euganean hills, p. 40. 41.

Guettard, M. his principle, that all vulcanic materials obfervable In calcareous countries

are adventitious, refuted, p. 43.

Gun-ptrvoder. Air produced by its explofion, p. 393.

Gymnotus EleHricus^ or -eleclrlcal 'Cel, experiments and obferratlons on, p. 94. E*1

fickened by change of climate, ibid. Kept in a large velTel, and the experiments made

while the-filh was in the water, p. 93. Two perfons, not in contafl:, receive an elec-

trical fliock through the water, ibid. Powers greatly fuperior to the torpedo, ibid.

Caught in the province ofGuiana, weftwardof Surinam, ibid. The gv’mnotus has the

power
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powef of eleftrifying, and of killing its prey at a diftance, p. 9^, 97. Defcriptlon of if,

p. 96. The effects of its (hock compared with thofe of artificial eleiffricity, p. 96— loi.

The gymnotas kills fmall fifhes, and fwallows them, ibid. He kills a cat-fifh, but can-

not fwallow it, ibid. Thofe fifhes killed by an emilfion ofeleftrical fluid, ibid. A farther

proof of it, p. 97, 98. Though apparently dead, they recover when removed into other

water, p. 98. Fifli flunned by a fmall eleftricivl fhock recover in the fame manner,

ibid. Gymnotus Elcctricus, an account of one, p. 102. Brought from Suri-

nam, p. 102. 109. Particular dcfcription of it, p. i 6 j. 107. Amphibious, p. 106.

Its amazing power of giving an tledtrical fhock to any number of perfons, p. 107.

Power flronger when firfl caugh*, ibid. The fhock received by taking the fifh in both

hands, p. 108. Alfo bv touching it with one hand, and putting the other in the water

over its boiiy, ibid. The fame eft'cifl on a number of perfons joining h indf, and at the

extremities of the circle one touching the fifh, the other putting his hand in the water

over the body of it, ibid. Differs from the torpedo, ibid. The fhock of the g}’m-

notus wholly eleftrical, ibid. Communicated by the fame conductors, and intercepted

by the interpofition of the fame original eleCfrics, p. 109. A frefh-water fifh, ibid.

9b. Without teeth, ibid. Mr. Bancroft’s account of this animal not very particular,

p, no. Electrical eels twenty feet long; a fhock from them faid to caufe inftant

death, ibid.——An account of one by Mr. Hunter, p. 395. 407. The organs which

produce the peculiar effeCt of the fifh ueferibed, p. 396, 399. Of the ftruCture of thefe

organs, p. 399, 402. Of the nerves in this animal, p. 402. 404. Of its blood

veffels, p. 404, 405. Explanation of plate I. fig. i. and 2. p. 40^. Of plate II,

fig. I. p. 405, 406. Of pLire III. fig. IV. p. 406, 407. Of plate IV. fig. 5. p. 407.

H.

HaffaiAen^ Mr. his account of the effeCts of lightning on a houfe, which was furnlflied

with a pointed conduCfor, at Tenterden, in Kent, p. 336. Lightning.

Hale, in Lancafliire, furvey of its inhabitants, in the year 1773. with the ftate of births

and deaths, 43 1 , n.

Haygarih, Dr. his obfervations on the bill of mortality for Chefler for the year 1775, p. 83;.

See Chcjler,

Healtijinefs, flriking dlfparity of, in the town of Manchefter and in the country round

ir. P- 323-

Heat, Experiments on animals andvegetables, with refpeCf to the power of producing,

p. 446. Animals capable of refifllng external cold while alive, ibid.——Heat, a

comparifon of that of London and Edinburgh, p. 4^9. The fummer-heat of London

exceeds that of Edinburgh more in proportion than the winter heat, p. 460. The

reafon of this, ibid. Comparative heat and cold of Mufeow and Edinburgh, ibid.

Connexion between the heat of a country and the heat of its fprings, p. 461.

Heat, doubts about the common theory of the generatioa of it in the living animal

body, 122.
Hcattd
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^eateJ Air. Experiments on the eifecls of air heated to a great degrtee on the living

human body, p.i 1
3— 199,463,464.484. Raifes the pulfe, p. 114, 115. 118. 464. 486.

The Thermometer expofed to air highly heated, finks upon being applietl to the palms

of the hands, or under the Tongue of a perfon who has continued many minutes' in

the fame air, p. 1 14, 1 15. 1 18. The living human body fupports air heated to 2 1 1°,

p. 1
1
7. to 224°, p. 464. to 260°, p. 481. The heated air put in motion intolerable,

p. 487. Effedls of deaths In enabling the living human body to bear fuch high degrees

of heat, p. 487. Singular fenfatlons produced by thefe high degrees of heat, p. n8.

483. Degrees of heat fupportable by the living body very difterent In different media,

p. 1 19. Experiments on the white of an egg in air heated to 224'’, p. 465. On bees-

wax in the fame air, p. 466. Experiment on a dog in air heated to 220, p. 489.

Experiments on fundry Inanimate fubfiances in thefe great degrees of heat, 491, 492.

Hecla, conjedures concerning, p, 30.

iiclvodlin and Skidda, height of thofe hills above the intermediate valley, p. 498.

Henley, Mr. his remarks on an account of the effeds of lightning on a houfe, which

was furnifhed with a pointed condudor, at Tenterden, in Kent, p. 344. 342. See

Lightning.

Hills. Hills Vulcanic. Not generally produced from the bowels of the Earth by fub«

terraneous explofions, p. io. 27.

Horizontal vulcanie hills, p. 22.

Vulcanic Hills of the Vicentine and Veronefe diftrld deferibed. Abound with

limeftone and lava, p. 24. Without any mixture of Granite, p. 25. Orlg'mal

ifrudure and charaders of thefe hills, before they were changed by fire, Hill evi-

dent, ibid.

Vulcanic Hills near Coffovo in Dalmatia, p. 34. In the county of Down In Ire-

land, ibid*

Hirundines, Britilh. See Honje-Smillom^ Swiji^ and Sand-Martin.

Horjley, Rev. Dr. his abridged ftate of the weather at London in the year 1774, coU

leded from the meteorological journal of the Royal Socletyi p. 167. See iVedthen,

De polygonis area vel perimetro maximis et minimis, inferiptis circulo, vel clr-

culum circumferibentibus, p. 301—310. Thorenia 1, 11
,

III, IV, V, Vl*

Hor-wich, in Lancafhlre^ furvey of its inhabitants, in the year 1773, with the llate of

births and deaths, 43 1 ,
«*

Houfe-Svsallovs, account of the, p. 358. The firfl: comer of i\\o hirundines, ibid.

Appear about the middle of April, about lakes and mill-ponds, ibid. Their with-

drawing for a time if they find froft and fnow, more in favour of hiding than mi-

gration, p. 258, 259. Build their nefis in various places, p. 239. Nells deferibed,

p. 259. 260. Dam fubmits to an inconvenient fituation to fecure her brood, p. 260,

What number of eggs they lay, their colour, and time of hatching, ibid. Progref-

five method of introducing their young into life, p. 260, 261, The firlt brood con-

gregates with the firll brood of houfe-martins, and the dam begins the bufinefs of a

6 ’ fecond
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fecond brood, p. 261. When the fecond brood are produced, ibid. T!ic fwallow a«

inftrucHve pattern of indulliy and affcftion, ibid. Refoits where infcdls mod abound,

ibid. The monop of the mandibles when a fly is taken too quick for the eye, but ths

fr.ip oftlie bill diflinftly heard, ibid. The male fwallow probably the cxculitor to the

boufe .and other fmall birds, ibid. He announces the approtich ot birds of prey, when

all the fvvallows and nnu'iins join in a body, and bulfet their eiien>y from the village,

p. 261, 262. He alfo founds ihe alarm, and flrikes at cats, p. 262. Each fpccies of

hirundo drinks as it flies, ibid. The fwallow alone wafhes on the wing, ibid. Swallow

a delicate fongfter, and bold ranger, ibid. Small parties often attend horfcmen, flying

around and collcdting infeHs roufed by the horfes feet, ibid. Their food, Ibid. Before

(heir departure they all forfake houfcs and chimnies, and rooll in trees, ibid. With-

draw about October, ibid. Some tevv parties haunt the open ibeets of London next

the fields, ibid. How diftinguifhed fi'om their congeners, p. 263. The moll nimble

ot all the fpecies, ibid. Want of fagaclty, ibid. See iiand-^lartin.

ILy, a mountain near Stromnefs in the Orkneys. Its height, p. 13S.

Hunter, Mr. John, his experiments of the gymnotus eledtricus, p. 393—407. See

Gymnotus Elcdlricus.—His experiments on animals and vegetables, with lelpedt to the

pt)wer of producing heat, p. 446. See Heat.

Hutchins, Mr. Thomas, his experiments on the dipping-needle, p. 129. See Dippings

needle.

Hygrometer, ftate of the, for the year 1774, at Chlflchurfl, in Kent, p. 294.

Hyferhpla, redlification of, p. 283— 287,

I.

Jee, the procefs of making It in the Eaft Indies, p. 232. Natural ice never difeovered at

Calcutta, and but feldom at Allahabad or Mootegil, 232. 255. Methods of making

ice, p, 232, 233. Remarks on its congelation, p. 254—256.

htgcnhouf%. Dr. John, his experiments on the torpedo, p. i. See Torpedo, i

Ingkhorough, its height, p. 498.

Inoculation, remarks on, p. 87.

JjtJtrument, mufical, an account of one brought from the Ifle of Amfterdam, in the Soutli

Seas, p. 67. See Mufical Infirument.

’Journal, meteorological, for the year 1774, kept at the Royal Society’s houfe.

See Tables.—‘OtiQ kept at Briftol for the year 1774, p. 194. See Meteorological

Journal.

Irritation, a conjefrure that it depends on the gelatinous part of the mufcular fibre, p. 210.

Our ignorance about if, p. 213.

L.

Landen, Mr. John, his Invelllgatlon of a general theorem for finding the length of any

»rc of any conic hyperbola by means of two elliptic arcs, p, 283—286, Some

other
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other new and ufeful theorems deduced therefrom, p. ^86—289. Obfervations

thereon, p. 289.

jLarva abounds in the hills of the Veronefe, p. 24. And in thofe of Auvergne and

Velay, p. 35. More rare in the Euganean Hills, p. 3^. Found in the Granito

of Monte RolTo, p. 36. Singular kind of Lava of which Monte Nuovo is compofed,

p. 38. Lava brecciata, ibid. Lava-pebbles obferved in quantity in the beds of the

• rivers flowing from the mountains near Friuli, p. 43.

Leicejler, latitude of, p. 366.

Loxcl, Mr. an extradt of his letter from Peterfburgh, concerning the occultations of the

fixed flat s by the moon, p. 280. Two curious theorems, by means of which the folu-

tion ofpolygons will be as eafy as that of triangles by common trigonometry, p. 281, 282.

Life, has a power of producing or deflroying heat, 1 12. 1 22.

Life, human, obfervations on the difference between the duration of it, in towns

and in country parifltes and villages, p. 424. The proportion ol inhabitants

dying annually in great towns, from i in 19 to i in 22 or 23; in moderate

towns, from i in 24 to 1 in 21 ;
in county parilhes and villages, r in 40 or

50 ; p. 426. Average of deaths at Stockholm for fix preceding years, r ittt

1 9 annually, ibid. At Rome for ten years i in 2 if annually, p. 427. In London i

in 2o|, ibid. At Northampton i in 26| die annually, ibid. And in the illand of

Madeira, for eight years, i in died annually, ibid. A 19th part ot the inhabitants

of Stockholm die every year; and in the whole kingdom ofSweden, towns and country

together, not more than a 35th part, p. 427. n. Average of deaths for ten years at

Valid, in Switzerland, i in 4^ annually, p. 428. In Ackworth, in the county ot

York, for ten years to 17^7, a 56th part had died annually, and in the year 1767

the annual average was a 47th part, ibid. Obfervations on this flriking difference

between the rate of human mortality in towns aiid in country parifhes and villages,

p. 428—434. Surveys in the year 1773 of the inhabitants at Hale, Horvvich, Darwen,

Cockey IMoor, and Chowbent, in Lancalhire, with the flate of their births and deaths,

p. 431, 432, 71 . Number of males and females born in different places, afed at different

periods, p. 435. The proportion of male to femafe births 20 to 19, ibid. Number of

males living lefs than females, p. 433’, 436. Males more fhort-lived than females*

p, 436. Inftanced in the parilh of Sr. Sulpice, at Paris, during 30 years ; and in

Stockholm and the whole kingdom of Sweden during 9 years, ibid. Sweden gain*

above 20,000 Inhabitants yearly by the excefs of births above deaths, p. 437. The
order of human mortality in Sweden, p. 438. Obfervations thereon, p. 439. Its

order at Stockholm, p. 440. Obfervations thereon, p. 4^1. State of human mor-

tality in the whole kingdom of Sweden and in its capital for 9 years, p. 442.

Chriflenings and burials in the parilh of Ackworth, in the county ot York, for 20

years, p. 43.3, 444. Account of the inhabitants of Rome for ii years, p. 443.

l.rghtning, an account of its eftects on a houfe, which was furniflied with a pointed .

conduiflor, at Tenterden, in Kent, p. 336.

Vox,. LX V.- ,4 JE L'md,
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l.ihd, Dr. Ills tlefalptloii auu ufe of n portable wind gage, p. 3^5. gagt»

Loco-motion, the power of, in certain animals, on what it depends, p. 214.

London, an abridged Ifate of the weather there In the year 1774, colledfed from the meteo--

Tological journal of the Royal Society, p. 167. See IVeathtr. London and Edluburgli.

'a coinpaiifon of the heat of, p. 459. See Hcai. Average of deaths in London,

p. 427.

I^nngcvitj, uncommon inlfances of, at Chelfer, p. 83.

Lorimer, Mr. J. his defeription of a new dipping-needle, p. 79. See Dipplng-needk..

Ludlam, Rev. Mr, his allronomical obfervations made at Leicefler, p. 366—372.

See Leicejia\

Lyndon, in Rutland, extraft of a regilfer of the barometer, thermometer, and rain, for

the year 1774, kept there, p. 199.

Lyons, Mr. calculations in fpherical trigonometry abridged, p. 470. See Trigonometry

fpherical,

M.

for railing water, ah account of one at Oulton, in Chelhire, p. 277. St&N'ata\

Madeira, ifland of, average of deaths there for eight years, p, 427*

Magdalen ijlandsy fea-cow a native of, p. 249.

Magnet. See Dipping needle, and Poles Magnetic.

Afc/rr and females,, number born at different places and at different periods, p. 333. 435.

Male to female births 20 to 19, ibid. Greater number of males than females born,

p. 335. Males living lefs than females, p. 33.5. 43^, 436. INIore fliort-llved than

females, p. 436. Number of males to females in different places, p. 334. More

females than males baptized at St. Stephen’s, Brilfol, from 173410 1774, p. 332. Mr.

Derham’s calculation confirmed, p« 333- 435* Comparative view of the number of

•widowers and widows in different places, p. 335.

3'IanehcJhir, and other adjacent places, obfervations on the hate of population in, p. 322.

An enumeration of the parifh of Mancheifer, ibid. Number of inhabitants in the

town, townfliip, and parilh of Mancheher, p. 323. Striking difparity in the healthi-

nefsof the town of Manchefter, and of the country round it, in the year 1772, ibid.

To what attributed, p. 324, Proportion of annual deaths in Manchefter and the ad-

jacent country, p. 425.

Marble, found among Scaglia, p. 33.

Marks in children, the fuppofition that they depend upon the Imagination and longing

of the mother, entirely void of foundation, p. 317—320.

Marriages, proportion of to deaths, in different places and at different periods, p, 328,

329. See Life.

Martins and fwallows, an account of their torpidity, p. 343. See Torpidity.

Majke^'ne, Rev. Mr. his propofal for meafuring the attraftion of fome hill in this-

kingdom by aftronomical obfervations, p. 493, See AttraSlion.— Hrs account of

obfervations
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-obrefvatlons made on the mountain Schehallien for iinding Its attvadUon, p, 500.

See Schehallien.

Meafure and weight, what W'as the ancient EngIKh, prior to the reign of Henry the

Seventh, an Inquiry to fhew, p. 48. See Weight and Meafure,

Meconium, univerfilly found in the bowels of new-born children, nothing more than

the mucus naturally fecreted by the Inteftinal glands, p. 314, n.

Meteorological journal for the year 1774, kept at the Royal Society’s houfe, p. 139. See

Tables. One kept at Briftol for the year 1774, p. 194. Why no important in-

formation has been derived from keeping meteorological journals, ibid. Tables

given as an example of a method to remedy the negledf, p. 167^— 193.

Middleton, near Manchefter, an account of births, deaths, and marriages, in the parilh

of, from 1663 to 1672, and from 1763 to 1772, p. 326, 327. Obfervatlons on

the change in the proportion of births to deaths, and alfo to the marriages, at Mid-

dleton, during the laft century, p. 327, 328.

Monfrafty and marks in children, do not depend upoia the imagination and longing of the

mother, p. 317— 320.

Monte Rojfo, a bafaltine hill in the Venetian State, in Italy, p. 36. See RoJJb.

Monte Cafello,

Monte dduovo,

Monte Uliveto,

Moons inflrrence on the w^eather, table for trial of, p. 177, &c.

Moon, doubts concerning her fuppofed influence on the weather, p. 178— 198. Con'-

jedtures concerning the origin of this general perfuafion, p. 180— 183. The appear-

, ances of the moon tokens of the weather but not caufes, p. 180—182. Tables for,

trials of the moon’s Influence, p. 177. 193. 197. The Dodtrine of the moon’s influence

had not gained ground among pradtical writers in the time of Aratus, p. 186.

Mootcgil, natural ice feldom feen there, p. 2^3;.

Mortality, human, obfervatlons on the difference between the duration of it, in towns an3

in country parilhes and villages, p. 424. 428—434. Difference in the flate of mor-

tality in towns and in country parifhes, whence it arifes, p. 428. The apparent rate

of mortality in towns, not magnified by an influx of people from the country, p. 428.

Mofcorjj. Comparative heat of Mofcow and Edinburgh, p. 460.

Moutitains, See Attradlion,

Mourn-Hills in Ireland compofed of Granite and Lava, p. 34.

Mufical inftrument, an account of one brought from the ifle of Ainflerdam in the South

Seas, p. 67. Experiments thereon, ibid. Explanation of it according to its exadl

fize, p. 69. The manner of blowing, and what tones produced, p. 69, 70. The

tones adapted to Englifh -conjbrt pitch, p. 70. The fyftems furnifhed correfpond with

the diatonic and chromatic p- 71- Not capable of performing according to the

enharmonic divifion of the tetrachord, ibid.

4 E i ... Mysjh^

^
three of the Eugariean bafaltine hills, defcribed, p. 38—41,
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Mjrrh^ obfervations upon, made in Abyffinia, In the year 1771, p. 408. MjTrh of

moderns nothing different from that of the ancients, ibid. From whence it is brought^

ibid. Troglodyte myrrh preferred to that of Arabia, p. 409. Why modern myrrh

is generally worfe in quality than the myrrh of the ancients, Ibid. W^hy in fomc years

this myrrh may not exilf, ibid. The myrrh of the Troglodytes not all of equal

goodnefs, p. 410. The caufe of this difference, and how the belf fort is procured,

p. 410, 41 1. How new myrrh gets an oily covering, p. 412. A fpecimen of what

the Troglodyte myrrh was, p. 412, 413. How to know Arabian myrrh from Abyf-.

finlan, p. 41 7.

N.

where the fand-martins build theirs, p. 273.

'Nooth, Dr. his defcription of an apparatus for impregnating water with fixed air, p.

See Water,

"Northamptmi^ average of deaths there, p. 427.

O.

Oats, experiments on their power of generating heat, p. 4^r.

Occultaiio/is of 7 and a Tauri, at Leicelfer, p. 370. From Mr. Wargentin, p. 28

u

Oil, caufes hot water to boil brifkly, p. 492.

Ofocalpafwn, conjedtures concerning, p. 413—416.

Otaheite, obfervations on the nofe flute ot, p. 7a. Sec Finte.

OuJton, in Chefhire, an account of a machine for raifing water there, p. 277. See Machhiu

P.

Tapllion do Montagna. See Sand-martin,

Pendle-hill and Peniiygant, their height, p. 498.

Pcnny^fMcight, See Weight and Meafures.

Percival, Dr. Thaimas, his obfervatioirs on the ftate of population in Manehefler .Tn^

other adjacent places, concluded, p. 327... See MajicheJler.

Petrarch, canon of the cathedral at Padua, relicks of him near Arqua, p.>35.

Phofphoric/par, mineral acid air produced from, p. 394.

Pliny, his eight critical days of the moon’s age, p. i 8g— 190.

Poks, magnetic, how to difcover the poles of a fpherical loadflone, p. 79, Generally

found, upon uvo points diametrically oppolite to one another, ibid. The magnetic

poles of the earth feem obliquely fltuated to one another, ibid. Where fituated un-

known, ibid. Accurate obfervations with a good dipping-needle, as near thefe mag-

netic poles as poffible, the furefl way to complete the magnetic theory of this globe,.

P* 79> 80.
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I5e Po?\'gonIs area vcl perimetro maximis et minim's, Infcriptis circulo, vel circulura

circumferibentibus, p. 301. Vide Pheorema i, ir. in. iin. v. vi. Theorems

for the folution of polygons, p. 281, 282.

Polypi. Remarks on their reproduftion and propagation, p. 231.

Population, obfervations on the ftate of, inMancheller, and other adjacent plrces, p. 322.

See Manch^er„

Pound, See Weights and Meafures,

Prafepe et J/elli. See Cancer,

Price, Rev, Dr. his obfervations on the difference between the duration of human

Kfe In towns and in country parifhes and villages, p. 424. See Human life,

Priejlley, Rev. Dr. his account of further difeoveries in air, p. 384. See

PROBLEMS, mathematical.

If the two legs of a fpherical triangle right-angled are given, to find the hypo-

tenufe, one leg being fmall in comparifon of the other, p. 47
Having the hypotenufe and one of the angles, to find the bafe, p, 476.

Suppofing the fame things known as in the lafi, to find the perpendicuUr, when the

hypotenufe is nearly a quadrant, p. 477.

Suppofing a fpherical triangle, in which are given two fides, with the included an-

gle, to find the third fide, p. 47 B.

Suppofing the fame things given, to find either of the angles, p. 482,

Phyjical, To find the time of defeent in a circular arc, p. aSpr

Prognojlication, fcience of in its earliefi ftate, p. 182. How corrupted, ibid;

Prognodics derived from the Sun, mofi; of all to be relied on according to the an»

dents, p.. 182. Prognoftics derived from fixed liars. Ibid.

Propagation, fingular propagation of fome fpecies of fea anemonies, p. 222—230.

Pupy in Velay. St. Michael’s church there built on a rock of Lava Irecdata, p. 39,

i

R,

Pain, a regular acceunt of what quantity fell in London during the year 1774,. p. 14®;

164. An abridged view of It, p. 168.—At Lyndon, In Rutland, p. 199, 200.———

At Briftol,. p. 1 94..

Rameaux, a bafaltine hill In ^^elay, p. 1 3. See Bafaltes„

ReproduHion andpropagation of certain animals, p. 230—23^.

Richmond, in Yorkfhire, an account of, p. 329, 330. Births, deaths, and marriages

there, for nine years, p. 329.

Roebuck, Dr. his comparifon of the heat of London and Edinburgh, p. 459., Ste Hcat,^

Rome, average of deaths there for ten years, p. 329.. Account of its Inhabitants for ir.

years, p. 445.

Room, heated, Experiments and obfervations- in one, p. iii—123. 463—409. 484'-.-

494 -

Ro£o^
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Unjfo. II monte Roflb, a bafaltine hifl In the Venetian State, p. 6. A topograplilca-l

viewof it, • Tab. I. See Bafalits. Singulaiities. of the columns of INIonte RolTo,

p. 7. 8. 10, II. The mountain formed of an Inferior kind of Granite, which the co-

lumns re emble, p. 8, ’No linglc columns or Icofe fragments obferved about Monte

• llolTo/p; 22. The Hill terminated by a regular convex fummir, which forms a

Iblid mafs, p. 22. Of the phyfical topography and Vulcanic Piodudtions of Monte

Roflb, p. 36—38.

S.

St. Flour., a city in Upper Auvergne, built on a giant’s caufeway, p. 15. Singularities of

its bafaltine columns, ibid.

St. MiebaeVs church, at Ptiy, in Velay, built on a rock of lava, p. 39.

San Biafio., in the Euganean hills, in Italy, a group of angular columns newly difeovered

there, p. 4 1 8. See Bafaltcs. The rocks of San Biafio abound with ferrugir.eous vitri-

fications, p. 422.

San Giovannu See Diavolo,

San Gothard, account of its parallel ftrata of Granite, p. 422.

,
Sand-Martin, or Bank-Martin, an account of the, p. 472. The leafl: of the Britifh

birundines, and the fmallefl known hirundo, ibid. They difclaim all domellic attach-

ments, and delight in wild places and large wateis, p. 272, 273. 275, 276. Built

tltcir nefts in the bottom of deep holes in the fand or earth, p. 273. Make good dif-

patch in Icooping thefe holes, p. 273, 274. Leave feveral holes unfinllhed, and con-

. jeftures concerning them, p. 274. After fome years, they forfake their old holes, and

bore new ones, ibid. Much annoyed by fleas, ibid. Sometimes dirpofleffed of their

breeding-holes by the houfe-fparrow, p. 275. Thefe caverns not made ufe of by way

oi J^hernacula, ibid. They arrive about the fame time with the fwallow, and lay

from four to fix eggs, ibid. Bring forth their young rather fooner than the fwallows,

ibid. Thefe hirundines no fongfters, ibid. Breed twice, and withdraw about Mi-

chaelmas, p. 276. Much the rarefl fpecies in the fouth of England, ibid. Peculiar

manner of flying, ibid. The flight of all hirundmes influenced by, and adapted to,

the peculiar fort of infe£fs which furnifh their food, ibid. Sand-Martin differ from

their cotigeners In diminutivenefs and colour, ibid. Sold in Spain for the table, and

CTiWtA papilion de montagna. See Houfe-S^vallovo, Swift

.

SaJJa, p. 414.

Saturn’s ring, obfervations on its fecond difappearance and re-appearance again, p. 294,

zgs.

Scaglia, or Scagliola, p. 34.

Scbchallien, the mountain, an account of obfervations made on, for finding its attraiffionj

p 300. Every thing neceffary for carrying the defign into execution prepared, p. 500,

|oi- A tour made to find the bed hill for the experiment, p. 502, 503. This

mountain
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. chofc. for rlro porpofe, p. 503. Expence cending it .00 pea. for .ire com-

iron fmnli of the focicty. ibid. This dilEcolty removed by ms Majell, » ^

I, -O- CG^ Mr. IMafkdvnc requeued to carry the experiment into execution,

n C04
’ J An account of tlie obfervaiions requifite to be formed, p. 505-508.

The obl4-vLrv ilxed on the fouih fide of Schehallien, ibid. Preparations tor making

obrervarrons, p. 508, jc,. Sevenry-fm obfervarion, taken on 34 <l-'S wr.b rhe

plane of the feetor turned to the eaft, p. 509- Ninety-three obfer.ations taken on 39

Lrs, with the plane of the inflrunrent facing the weft. ibid.

the pofttion of thefeaor, p. 309-5... Two mend,an

tions taken with the quadrant and tranfit inftrument, p. 5...
nd

tertnine the 6gure and diinenfions of the hill, p. 512—516. e o .eriatory a

;ntt,u,nents removed to rhe north ftde of the hill, p. 5.6. Seflo, put up

facing the weft, p. 5.7.
'*'=

'"f' c i

fla-s p 517,518. Sixty-eight obfervations taken on 32 liars, the plane of the e or

being LrLL the weft, p. 5.8. One hundred obferv-ations taken on 37 ftme,

the plane of the inftrument facing the eaft, ibid. Forty-three different liars obferved

in all, on both fides the hill, and 337 obfervaiions taken, p. 519- "

foregoing obfervations, p. 5 1
9~5- • I» "'‘a. manner 4e two

p 5 2 t-5 23. Their menfuration, p. 523. The expenment honoured w ith the pre

fence of many gentlemen converfant in mathematical and philorophical learmng, p.

5 ,4, 525. The ufe of the two theodolites a, once in coinpleatmg the furvey of he

Ifill p 525 . The tefult of conipotafions made upon thofe operations for deducog the

effea of the attraalon of the mountain, p. 526-5 3 »-
Conrequences

this experiment, tending .0 llluftrate feme important quelbons tn -tuia pW
0^

2

p. 532-534. Obfervations of liars made with the aem.h feaot on the mountarn

Schehallien, for difeovering its attrafticn, p. 536.

hS'W./r, has a power of generating heat, p. 451, 452.
_ .Ke onen

&n, fcarce any perceivable difference of heat at different tune of the day op .

i; a fecond effay on their natural hiftory, p. aoy. A fourth and fifth,

fpecies of that animal, ibid. Ideas fuggefted by the lull

';r”t’’to‘’'tera d i

ibis animal exceedingly gelatlnons, p. 209, a.o t
and trntable ^

gree as to be affecled by light, p. 209. Obfervattons and “P'"
^

Lued, p. 2U. Inferior half of the firll fpedes daily recovering llrength^abo e

twelvemonth after It had been cut. ibid.^ Its water infecled by
^

throw up a great quantity of its mtellines, p. 21a. on 1 era
y

g g|p.

fecond difeharge of tts intefthres by the water being again infcaed, .m. J

folved, ibid. Obfervations on the foregoing experiment, P- 2 1 2, 2 1 3, PP

another fea-anemony, of which the inferior was become a

months, p. 2,3. Some cut diametrically aud peipendicularly, «
the operation, p. 2 J 3 ,

214. Thefe femi-anemonies appear perfea an . ,
^

4
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form all their funftions, p. 214. Reflection concerning thefe animals, Iblil. Further
cbfc,va,,„r,, 0„tl,e™,p, a,;. Conjecture concerning ,1,dr propagati™, p. a. 6. The
fecond fpecies difficult to piererve, p. a i Safe method of taking ihem, ibid. Tlic'»

. make great harock in the fea, ibid. Their limbs being dipped, neWperfea ones i,n.
psrcepti y oot out, p. aiy, ai8, Obfervations and experiments on the fecontl
pecie., p. 21 , eip. This ki.nd of fea-aneinomes prclerable for the table, aio. The
tai.anemomes of the third Ipecics entirely recovered the parts they had been deprived
of, p 220. Several of thefe animals, cut through the middle bv accident while in the
fea, foonrecovemd p. aat. Conjefture concerning the genem.iop of this fpecies,
p. 22t, 222. Obfervations and experiments on the fourth fpecies of fea-anemonies.
p. “tt-aap. Remarks on it. p. 229, ero. A monfier of this kind, p. 225. 226. 2.0

I rT I’™'*”"'’
object, ibid. Its mouth

limbs defenbed p 224. Conjeaures concertiiiig the generation of this fpecies, p

rr„”'' 7 f ' P- ^^7-22,. Experiments thereo"
p. 230, 231, Frelh-water polypi iucreafe by feaion, p. 23,, 232. Remarks con-«rn.ng re-produaion, p. 232-235. The feaiotts of this fpecies of fea-anemonieshke the former except tha, the upper half never produced a new baft,, p. 23 c. De-fertptronof a fihh fpecies fea-an.monies, p. 236-238. An ap„log> fo not en-largmg on the performance of tlteir different funCliotts 0 2 tS „o i
recommended to form n fea-barometer, p. 240. 245. 2^. ' Wl,;, fpedes rh7fiSh.“a;,d

Rate tl

'veather may oe expected from the differentteof theanemomes, p. 241. 242. Other animals influenced by the approachlnochange, o wearl.er, p. 246. Attetnonies might furniffi otnamettts in „a,af and .!
d-aoltcarchtteaure, p. 246, 24-. Explanation of Tab. VI. reorefentlno a 1
•fea-anemonies of tlie fourth fpecies, 248.

o g™"P of

Sea-Coix.^, an account of the, and the ufe rm8i» of . » .

Tn.n U -K-rt r- I.

^ ^ of MacfdalenIflands, ibid. Great numbers remain on fliore for feveral days in fair weather"’ ibid
appearance of rain, ibid. Large and unwelldv’ -h'd'

J heir time of geftation, p. 249. Account of their landing, p. ^co IMeJhod
'

ffeparating them, to be killed at leifure, p. 2co 2c i Wh t r ^ ^ J
^ndteeth, p. 2^1.

^ ^ ^ °f^heir Ikiu

Mr. his account of the fea-cow, and the ufe made of it p c ^Mandi7«. Height of thefe hills above the intermediale^-allev; p^Ls'S;nallpox, remarks on, p. 87.
' ’

"

Smil, experiments on its power of refifling external cold, p 4^0
why it melts fnflet on gtafs than on gravel, p. .22. Snoiv a, London i„ ,he year

Sovgfter, the fwallowa delicate one, p, 262.
phofphorlc, a new mineral add produced from it, p.

ical Trigonometry,
in, abridf^ed n Ttr^ht, t r r ,

•

die moff ufeful qtieflions it. fpberical aigoUemy, fomewhai °iJmiJ rL^fed b
approx i.
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approximating to the roots of algebraic equations, p. 472—474. Problems exem-

plirvung the praiSfIcal application of this method, p. 475—485.

Springs, near Edinburgh and at London, mean heat of, 460, 46 1 . Connexion between

the mean heat of a country and the mean heat of its fprings, p. 461.

Staffa, a weftern iiland of Scotland, vulcanic phenomena lately difeovered there, p. 10,

Sta^e, what it was, p. 411, 41 2.

1

Stedman, Dr. on triangles defcrlbed in circles and about them, p. 296. See Triangles.

Steele, Jofliua, Efq. his account of a mufical inftrument brought from the ifle of Amller-

dam, In the South Seas, p. 67. See Mufical infiru?}icnt.—His remarks on a larger lylfem

of reed pipes from thence, with obfervations on the nofe flute of Otaheite, p. 72. See

Flute.

Stockholm, average of deaths for thefe flx years, p. 426, 427, n. Its order of human

mortality, p. 440.

Strange, Mr. his account of two giants caufeways, and other curious vulcanic concretions,

in the Venetian State, in Italy, p. 4. His account of a curious giant’s caufeway, or

group'of angular columns, newly difeovered in the Euganean hills, near Padua, in Italy,

p. 418. See Bafaltes, Rojfo, Diavolo, Euganean hills, Fulcanic hills. Granite, Granitello,

Giants-caufe'joay, Lansa, San Biafio, San Gothard.

Stitinam, the gymnotus eledtricus brought from thence, p. 102. 109.

Sutton Coldfield, in Warwickflrire, an account of, with an extradf from the parlfir regifler,

P- 331- .

Sucallo-M, Houfe, an account of the, p. 25 8. The bird’s want of fagaclty, p. 265. Sec

Houfe Sveallo^o:. Swallows and Martini, an account of their torpidity, p. 343. See

Torpidity,

Siveden, average of deaths in, p. 427, n. Gains above 20,000 inhabitants yearly by the

excefs of births above deaths, p. 437. The order of human mortality there, p. 438 ;

for 9 years, p, 442.

S'Mift, or Black Martin, account of the, p. 264. Largefl of the Britilh hirundines, ibid.

Latefl: comer, ibid. Their nefts defedrive in architedfure, ibid. Sufpedted of expelling

the houfe-fparrows from their nefts, and taking them to their ufe, 264, 265. Where

they build, ibid. Begin nefting about the middle of May, ibid. Copulate on the

wing, 263, 266. Common for infedfs to do fo, 266. The Swift appears to live more

in the air than any other bird, ibid. Lays invariably but two eggs at a time, ibid. A
mofl; alert bird, rifing early and retiring late, ibid. AlTemble in the air in groups, juft

before they retire, ibid. Fond of fultry, thundery weather, 267. In hot mornings, the

mates form- little parties, and ferenade their fitting hens, ibid. The hen relieves her-

felf from her duty of Incubation, for a few minutes only, juft at dark, ibid. Swifts

while they have young have a little lump of infedls pouched under their tongues. Ibid.

Feed In general in a higher dlftridf than the other fpecies, ibid. Range to a great

difiance, ibid. Their wings longer in proportion than almoft any other bird, ibid.

When they mute in flight, their wings meet over their heads, ibid. Defeend below

VoL. LXV. 4 F their
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their ufual range at certain times in fummer, hovering over pools and flrcams fof

hours together, in fearch for flies, p. 267, 268. Account of their young, p. 268.

Swifts fometimes purfue and flrike at hawks, ibid. Regardlefs of rain, unlefs the

(bowers are heavy, attended with much wind, p. 268, 269. Conjecture from a cir-

cumflance refpeCling their colour, that they retire to reft for a feafon, p. 269. Breed

but 07ice in a fummer, ibid. Withdraw foon after the flight of their young, ibid.

Other hirnndines increafe five times as faft as the Swift, p. 369, 370. Singular in

their retreat, the main body retiring early in Auguft, 270. Remarks thereon, ibid.

Thcfe never congregate with their congeners, ibid. Fearlefs while haunting

their refting places, ibid. Much infeCfed with the hippohofca hirutidinis, ibid. Swifts

no fongfters, ibid. Never fettle on the ground but by accident, their (hortnels of legs

and length ofwings preventing their rifing, 271. Other peculiarities attending them,

ibid. Frequent the Tower, and fome of the churches of the Borough next the fields,

not venturing to the clofe patts of London, ibid. Called by the Swedes ring fivalA,

272. See HouJe-S'Zvalle-iv, Sand-Martin,

T.

Tables.

Deaths, ages, and conditions, in Chefter, for the year 1773, p. 88.

Difeafes of different ages In Chefter, for ditto, p. 89.

Difeafes ofdifferent months in Chefter, for ditto, p. 90.

Of marriages, baptlfms, and burials, in Chefter, for ditto, ibid.

Meteorological Journals for the year 1774, kept at the Royal Society’s houfc..

For Jan. p. 140, 141. Feb. p. 142. 143. March, p. 144, 145. April, 146,

1^7. May, p. 148, 149. June, 130, 131. July, p. 132, 153. Aug. p. 154,

133. Sept. p. 156, 157. OCt. p. 158, 139. Nov. p. 160, 161. Dec.p. 162,

163. Greateft, leaft, and mean height, of the Thermometer without and

within, and of the Barometer in each month throughout the year, p. 164.

The quantity of rain in the whole year, ibid. The variation of the magnetic

needle, p. 165.

An abridged view of the winds at London in the year 1774, compiled from the

Meteorological Journal of the Royal Speiet)-, p. 168. Sub-divifion of the S. W.
wind, p. 170. Sub-divifion of the N. E, wind, ibid. Sub-divifion of the S.

E. wind, p. 1 71. Sub-divifion of the N. W. Wind, ibid.

General ftate of the winds cplleCfed from the preceding tables, p. 172.

Number of fair and frofty days in each half month and in the whole year, p. 1 7 3.

For trial of the influence of the winds upon the barometer, p. 1 73.

For trial of the moon’s influence, p. 177.

Changes of weather in particular days, p. 193. Explained, p. 197.

Meteorological journal for the year 1744, kept at Briftol, ftate of barometer,,and

quantity of rain, in each month throughout the year, p. 1 24. Winds and frofty

days ditto, p. 193. For trial ofthe moon’s influence ditto, p. 197.

Exjradl*



Extracts of a rcglfler of the barometer, tliermoraeter, and rain, at Lyndon, in

Rutland, for the year 1774, p. 199. Wettcft months from one to twelve, p.

200.

Heights of the thermometer in each month of the year 1767, at Allahabad in the

Had Indies, p. 202.

Going ofMr.Wollafton’s clock, from. Dec. 1773 to Jan. 1775, p. 293.

State of Mr. WoUadon’s thermometer, barometer, and hygrometer, during nine

months of the year 1774, p. 294.

Afironomical obfervations for determining the latitude of Leiceder, made in the

year 1774, p. 366. Zenith didance of jS Draconis and y Draconis, ibid. Zenith

didances of a Herculis with the date of the barometer and thermometer, p.

368, Zenith didances of the pole-dar, p. 369. Occultations of y and « Tauri,

p. 370. Obfervations on the tranfits ot the fun, ferving to examine the Clock,

p. 371. Zenith didances taken to afcertain the abfolute error of the clock,

ibid.

Proportion of births to marriages in different places, and at different periods of

time, p. 328, 329.

Comparative view of the number of males and females baptized in didereat

places, p. 333.

Comparative view of the number of males and females In different places, p. 334.

Comparative view of the number of widowers and widows in different places, p.

33 S-

Number of males and females born in different places, and at different periods,

P- 43 ^.

The order of human mortality In Sweden, p. 438.

The order of human mortality at Stockholm, p. 440.

State of human mortality in the whole kingdom of Sweden and in its capital, for

nine years, p. 442.

Chriftenings and burials In the parifh of Ackworth, in the county of York, from

March 25, 1747, to March 25, I757, p. 443.

Chriftenings and burials in the fame parifh, from March 25, 1757, to March 2j,

1767, p.444.

Account of the inhabitants ofRome, from 1762 to 1771 p. 44^.

Mean heat In Pall Mall, London, during the years 1772, 1773, 1774, p. 461,

Mean heat at Hawkhill, fituated about one mile north of Edinburgh, and

103 feet above the level of the fea, during the years 1772, 1773, 1774,

p. 462.

Oobfervations of ftars made with the zenith fedor on the mountain Schehallicii

for difcovering its attraction, p. ^36.

4 F 2 Tenderdeti
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Tenckrdefi, in Kent, an account of the effefts of lightning on a honle there, which wa*

furnilhed with a pointed conductor, p. 336. See Lightning.

Teneriff, Pic of, conjedlures concerning, p. 50.

1' H E O R E M S, mathematical.

Thcorema I. Si linea refta arcum circularem contingentibus duabus interceptum contingat,

fegmentum ejus, contingentibus primo pofitis interceptum, in contadtus fiii punfto

vel ^qualiter vel insqualiter divifiim eft, prout arcus ipfe circularis aequaliter vd in-

acqualiter in eodem pundo divifuseft. Segmentaque arcus (ina'qualiter fcilicet divifi)

et redhe contingentis majora et minora ab iifdem funt partibus inutui contach’is,

p. 301, 30Z.

II. Linea reda quee arcum circularem contingentibus duabus interceptum in pundo

medio contingit, & contingentibus primo pofitis hinc inde occurrit, minima eft om-

nium qua?, eundem arcum contingentes, contingentibus primo pofitis Intercipiuntur,

P- 303—306.

III. Polygonorum omnium, lateribus numero datis, datum circulum circumfcribentium,

iequiaugulum perlmctro minimum eft, p. 306—308.

IV. Polygonorum omnium, lateribus numero datis, datum circulum circumfcribentium,

aequiangulum area minimum eft, p. 308.

V. Polygonorum omnium, lateribus numero datis, dato circulo inferiptorum, aequila-

terum perimetro maximum eft, p. 308.

VI. Polygonorum omnium, lateribus numero datis, dato circulo Inferiptorum, cequila-

terum area maximum eft, p. 310.

Theorems. Two for the folution of polygons, p. 28 1, 282.

Inveftigation of a general one for finding the length of any arc of any conic hyperbola,

by means of two elliptic arcs, p. 283—286. Some other new and ufeful theorems de-

duced therefrom, p. 286— 289.

An equilateral triangle inferibed within a circle, larger than any other triangle that can be

infcribed within the fame circle, p. 296—298.

An equilateral triangle defcrlbed about a circle, lefs than any other ttiangle that can be

deferibed about the fame circle, p. 298.

The fquare of the fide of an equilateral triangle Infcribed In a circle, equal to a red-

angle under the diameter of the circle, and a perpendicular let fall from any angle of

the triangle upon the oppofite fide, p. 299, 300*

T‘heophraJius, an alTertor of the moon’s influence upon the weather, p. 189.

T’hermometer, ftate of it at London throughout the year 1774, p. 140

—

164.—At Lyndon,

In Rutland, p. 199.—At Chiflehurft, In Kent, p. 294.

Thermometer., kept within doors, a very indifferent meafure of the heat of any climate,

p. 202. The leaft and greateft heights of the thermometer at Allahabad in each month,

p. 203. State of the thermometer between Mdrafs and the Southern Tropic, p. 204. Its

ftate from thence to about 15* E. of the Cape of Good Hope; to St. Helena; to

lat.
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l.if, 43° T4 N. ; and to the Britifh Channel, Ibid. State of the thermometer in the

foldiers barracks at Allahabad, ibid.

Thermometrkal obfervations, an account of fome made at Allahabad, in the Eaft Indies,

in lar. 23° 30' N. during the year 1767, and alfo during a voyage from Madrafs tu

England in the year 1774, p. 203. See Allahabad,

Thunder at London in the year 1774, p. 174.

Toad, exptrlments on its power of refilling external cold, p. 4^0.

Torpedo, experiments on, made at Leghorn, p. i. Its eft'ecT; the fame, whether the fifh be-

in or out of water, p. i— 3. Said to have very little force in winter, and cannot live

long out of water, p. 2. Other fidres not affefted by their company, ibid. Prelling

gently the two foft bodies at the fide of the head, called mufeuUfalcatl, produced the

fame fenfation as if a great number of very finall eleflrical bottles were difeharged

through the hand in quick fucceffion, ibid. Thefe fliocks ftronger at laft than in the

beginning, p. 2. Its powers not altered by different degrees of prefTure, p.'3. When
fufpended by a ribbon, light bodies near It not attradfed, ibid. More frequent llrocks

caufed by the fifh bending its body, p. 4. An account of its difl'edtion, ibid.

Torpidity of fwallows and martins, an account of the, p. 343. Appear on the banks of

the river Dart In the beginning of November, ibid. Brought from their winter quarters

by a fine, warm afternoon, 344. As the fun lowered, they all returned into thefifilires

of the rocks, ibid. Not a fwallow amongfl them, Ibid. Valt flights of fwallows go

towards the South every autumn, ibid. The feafon being uncommonly cold, the martins

remain In the rocks. In a torpid ftate, at the end of March, p. 343. Dormice and bats

frequently found in a date of torpidity, p. 346. Martins feen in Totnefs in Dec. and

Jan. ibid. Three black martins or fwifts found in an old oak during the winter, p. 347.

They recovered drength enough to fly, on being laid before a fire, ibid. The ob-

jection brought againd the opinion that thofe birds remain torpid during the winter,

ibid. Anfwered, p. 347 ,348. Several proofs of the torpidity of birds, p. 348—350.

The opinion that fome of the fame fpecies of birds do emigrate, and others remain

torpid during the winter, when diferedited, p. 330. vifeera of feveral torpid bats

examined, p. 35 1. Obfervations thereon, ibid. Torpidity of animals in the winter

accounted for, p- 433.

Tovjns, great, in a peculiar degree fatal to children, 324—326.

Triangles deferibed in circles and about them, p. 296. An equilateral triangle infcrlbed

within a circle, larger than any other triangle that can be infcrlbed within the fame

circle, p. 296—298. An equilateral triangle deferibed about a circle, lefs than any

other triangle that can be deferibed about the fame circle, p. 298, The fquare of

the fide of an equilateral triangle infcrlbed in a circle, equal to a reffangle under

the diameter of the circle, and a perpendicular let fall from any angle of the tiuangle

upon the oppofite fide, p. 299, 300.

T’rogloe^iria, its ancient limits, p. 408.
T’rigotiometry,

7
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Triganometyy,\^'p\\ev\c7\ calculations in it abridged, p. 470.

TftHp.c, roots of, have a power of generating heat, 451.

U.

Upper Auvergne^ in France, x city and totvn there built on giants caufeways, p.

16.

Uamhlliy figurc"of the Bucciauni in his treatife Dc Thermis Patavinis, inaccurate, p. 46.

Uarro, his childiih rule for prediifting the weather, p. 183.

Faud, in Switzerland, average of deaths there for ten years, 428.

Frgctullcs^ experiments on, with regard to their power of producing heat, p. 430—
438. Muft be deprived of the principle of vegetation, before they can be frozen,

p. 434. Their internal temperature fufceptible of great variations, ibid. Their power

of producing heat, on what it depends, 454. 437. By what princijrles they arc

adapted to different climates, p. 433. Texture of vegetables much changed by lofs of

life, ibid. Roots capable of refilling cold more than the flems, ibid. In what vege*

tables and animals differ, p. 436.

Velay, in France, bafaltine hills there, p. 9. ii, 12. 14. ai, 22. A church built on a

rock of lava, p. 39. Bafaltine hills of Velay moflly terminated by regular convex fum-

mits, which form a folid mafs, p. 22.

Fenda mount, height of, p. 34.

Fenetlan State, two giants caufeways, and other curious vulcanic concretions, difeovered

there, p. 3. See Bafaltes, Rojfo, Diavolo.

Fefuvius, the infide of the funnel preferves veftiges of its primary organization, p. 28.

Conjcdlure concerning an original mountain under its Lava, ibid. The whole moun-

tain not produced by fucceffive eruptions, p. 29.

Vicentbie mA Ferojiefe, vulcanic mountains, p. 24. 26. More frequent in the Vicentinc

than the Veronefe diflrift, p. 44.

Vulcanic pha^nomena, abound In the Northern part of Italy, p. 42. Ste Hilh Vulcanic,

Volcanos of the Andes, conjeiflures concerning, p. 30. Abound in follil Glafe, p. 40.

W.

Wales^ mountain of, fuppofed to contain prifmatic bafaltine columns, p. 16.

Wargentin, Mr, his obfervations of the occultations of <* and y Taurl, p. 18 1.

Water

^

impregnated with fixed air, defcriptlon of an apparatus for, p. 59. Operations

on Dr. Prieftley’s apparatus for this rife p. 59, 60. Part of it offenfive, p. 60.

Dr.

A.
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Dr Nooth’s apparatus defer,bed, p. Ct. Marnier of condua.ng theprocefs,^ and

ingredients neceffarj-, p. 61-63. Procefs repeated four or [five tunes w„n t tr

faL water before it is highly impregnated, p. 64. This appaiatus ver; u e it

in chemilliy and pharmacy, p, 6p. Glafs valve preferable to an ivory one in

the apparatus, p. 65, 66. Water, the fuppofed ellea of boilmg upon, in 1-

pofin. It to freeae more readily, afeer.ained, p. lay. E«^-nmen.s relative to he

Lcr.ino of boiled and unboiled water, ibid. Ice appeared firft on the boded ivatei,

ibid. Unboiled water by (lining freezes as foon as the boiled, p. 125.^
The conge-

lation, though later, more fowerfitl in the unboiled, ibid. Obferva.ions thereon

„ ,26-128. Indiansboil their water.toobtam ice, p. 126. 355. \\ atei may .

Lied below the freezing point without freezing, p. ,28 -Warcr, an ”

machine for railing, a. Oulton, in Chelhire, p. 377. Mode ol ratfing water by its

momentum new, ibid. Plan and defcription of the work. p. 377 279.

W.a,h„; an abridged (late of the, at London, in the year ,7,4 co lecmd tio.n the me-

teorological journal of the Royal Society, p. .67. An abridged view ot the winds,

and rafn at London in the year .774, with an eaplanation of the table, p. 168.

What winds prevailed moll in the year, p. .69. Obfervations on the quantity of rain

w hich fell iLach month, ibid. Rule obferved in collecbing the ram ol the feveral

months p. .69, 170. Sub-dlvlfion of the S. W. and N. E. wind, with an explana-

tion of ’the tables, p. 170, ly- Obfervations thereon, p. .71. Sidi-divifion of the

S E and N.W. wind, ibid. Obfervations thereon, p. 171, 172. A check upon e

workof making the tables, p. ,7a. A general
°jLf

different devrees of prevalence, ibid. The number of fiiir and trolly days in each half

month, and In the whole year, p. . 73 - The number of fnowyd.ays ,n.he year, tbu

What winds attended thefe particular days, p. ,73, 774
- p”

trial

vea, D ,74 Helghtof the barometer and thermometer at each tune, ibid. For trial

j ear, p. 174 ^ barometer p. I 7 ?. Obfervations thereon,

of the influenc® ot the winds upon the barometer, p. 175

p .76. For .rial of the moon’s influence, p. 177 - Explanation of rbe table, p. , ,
8.

.89. 197. Popular petfiiafioii of the moon’s influence upon the changes ot the we.r-

ther, particular enquiry concerning it, p. i/8 193.

change of, influence on animals, p. 246.
_ . r

WeK’ht and mealure, what was the ancient Englillr, prior to the reign o ^

venth, an inquiry to Ihow, p. 4§- Sealed flandards of weights and meafures ordained

by William the Conqueror and fucceeding kings, p. 48, 49. e an

L meafures, p. 48-51. Henry VIII. abolKhed the old pound, and eflabliflred the

Trov weight, p. 56. He firfl direaed the ufe of the Averdupois weight, p. 57.

Troy pound heavier than. the old Tower pound, p. 49, 5°. .5 ^’ 57 - Try poun

fame as now ufed, p. 49- The difference of the rveights clearly demonftrated by an

experiment of the weight of a penny weight, railed from 3 '

rFduard^’1 The wine and corn gallon the fame, by the ftatutes of Henry IIL and Edy ard ..

p. 50. The wheat gallon larger than the wine gallon, by a ftatute of Henry . 1
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He altered both weights and meafures, p. 52. 56, 57. The weight and mcafurc the

fame from William the Conqueror to Henry VII. p. 51. One weight, one mcafurc,

and one yard, to be ufed throughout the land, p. 52. In the reign of Henry VI. corn

bought by the fatt, ibid. The fatt prohibited, p. 52. 57. Cubical contents both of

the gallon and bufhel meafures, p. 55, 54. Statute of if. Henry VII. which altered

the ancient weights and meafures, and fome obfervations ihtieon, p. 54—58.

IVloeat. Weight of grains of wheat, p. 49.

U'hernfidey its height, p. 498. The probable quantity of its attraction, ibid.

White, the Rev. Gilbert, his account of the houfe-fwallow, fwift, and fand-martin,

p. 258. Sec H0ufeS=i\:alIov:, S-vtift, Sand-Martin,

Whitehwjl, Mr. John, his account of a machine for raifing water, at Oulton, in Chefhire,

p. 277. See U'ati'r.

If rVowrrj and widows, number of, in different places, p-33 ?.

JVida-ix's living, almoft double the number of widowers, p. 3 3^.

UlUiamfon, Dr. Hugh, his experiments and obfervations on the gymnotui electricus, or

electrical eel, p. 94. See Gymnotus Eleclriaes.

Wind Gage, defeription and ufe of a portable one, p. 353, 334. Its ufe and manage-

ment, p. 354—364.

If'inds, date of them at London, during the year 1774, P* ^ 4°
— ^^4 - An abridged

view of if, p. 168—172. Winds, unabridged table of them at Briitol, for the year

1774, P‘ WS- Influence of winds upon the barometer, p. 175, 176.

WoUaJlon, the Rev. Francis, his obfervations on the clock, thermometer, barometer, and

hygrometer, made at Chiflehurit, in Kent, p. 290. Obfen-ations on the goii.g of the

clock, p. 290. 292. Differences of lofs and gain when the clock was in fome degree

foul, p. 291. Differences of lofs and gain after the clock was cleanfed, ibid. July and

Augult the months for greateil: acceleration, ibid. January and February for retarda-

tion, ibid. The clock fo fixed, as not eafily to be affeCted by any tremulous motion,

p. 291, 292. Going of the clock from December 1773 to January 1775, p* 293.

State of the thermometer without doors and within, and of the barometer, and hy-

grometer, during nine months of the year 1774, p. 294. Obfervations on the fecoud

difappearance of Saturn’s ring, and re-appearance of it again, p. 294, 295.

' Womc?i live longer than men, p. 84.

Weulfe, Mr. his experiments on a new colouring fubfiance from the Illand of Amfferdam,

in the South Seas, p. 91- See Colouringful'Jiance.

Wounds, conjectures concerning the confolidation of, p. 209.

The End of the Sixty-fifth VOLUME.

The Number of Plates in this Volume {including the Mufical Injirument

in p. 68.)














